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ABSTRACT
S tu d ie s  have been conducted to  determ ine th e  e f f ic a c y  
o f adding a c h e la tin g  agent to  th e  d i e t s  of chickens c o n ta in in g  
c e r ta in  le v e ls  o f copper, manganese and z in c . The c h e la tin g  
agen t was e thy lenediam ine d i(o -h y d ro x y p h en y lace tic  a c id ) ,  EDDHA.
The o b je c tiv e s  o f th e se  s tu d ie s  were: (a) to  ga in  add i­
t io n a l  in fo rm a tio n  concerning th e  le v e ls  o f EDDHA needed to  o b ta in  
maximum resp o n ses of growth and p ig m en ta tio n , (b) to  study  more 
c r i t i c a l l y  th e  in te r r e la t io n s h ip s  between th e  c h e la tin g  agent 
and t r a c e  m ineral elem ents which were in d ic a te d  by p rev io u s s tu d ­
i e s ,  and (c) to  study  m etabolism  o f  EDDHA by th e  chick using  is o -  
to p ic a l ly  lab e led  compounds.
The 40 ppm a d d it io n  of th e  m ineral e lem ents and BOO grams 
per to n  EDDHA to  a p r a c t ic a l  type  lay in g  r a t io n  c o n s is te n t ly  in ­
t e n s i f i e d  yolk p igm en ta tion . The BOO gram a d d it io n  of th e  che­
la t in g  agent decreased  egg p roduction  a t  a l l  le v e ls  of m in e ra ls .
Adding 400 and 500 grams EDDHA per to n  to  a p rac tica l-  
type b r o i le r  r a t io n  improved r a t e  o f grow th. Maximum growth was 
ob ta ined  by th e  a d d it io n  o f th e  th e o r e t i c a l  amount o f i ro n  th a t  
could be c h e la te d  by the  p a r t i c u la r  amount o f EDDHA p re s e n t .  The 
iro n  was added to  th e s e  r a t io n s  in  th e  fe r ro u s  form.
Although sk in  p igm entation  was c o n s is te n t ly  more in te n se  
in  ch ick s re c e iv in g  EDDHA, th e  response  was in c o n s is te n t  w ith
v i i
re s p e c t  to  le v e ls  o f th e  c h e la t in g  a g en t. Adding fe r ro u s  iro n  w ith 
th e  c h e la tin g  agent tended to  s t a b i l i z e  p igm entation  and growth 
re sp o n se s . Maximum response was noted  when 126 grains o f fe r ro u s  
Iro n  per to n  were added to  r a t io n s  c o n ta in in g  800 grams EDDHA. 
S t a t i s t i c a l  d a ta  s tro n g ly  suggested  th e  p resence  o f i n t e r r e l a t i o n ­
sh ip s  between m in e ra ls  as w e ll as between m in e ra ls  and EDDHA.
R e su lts  ob ta ined  from p u r i f ie d  r a t io n  s tu d ie s  rev ea led  
an in te r a c t io n  between EDDHA and manganese. When th e  t o t a l  r a t io n  
c o n te n t of manganese, z inc  and copper was U5 ppm s e v e ra l  i n t e r ­
a c t io n s  were in d ic a te d !  (1) manganese by copper, (2) copper by 
z in c , (3) manganese by z in c , and (A) manganese by copper by z in c . 
Z inc appeared to  be th e  more i n f lu e n t i a l  m in e ra l elem ent involved 
in  th e s e  in te r a c t io n s .
Chicks fed  the  b a s a l  r a t io n ,  c o n ta in in g  8 ppm manganese,
12 ppm copper and 16 ppm z in c , e x h ib ite d  d ram atic  symptoms of 
t r a c e  m inera l d e f ic ie n c y . The a d d it io n  of 800 grams of EDDHA 
e lim in a te d  poor fe a th e r in g  and g r e a t ly  reduced leg  d e fo rm itie s .
A t o t a l  r a t io n  c o n te n t of 30 ppm zinc  a lso  e lim in a te d  th e se  de­
f ic ie n c y  symptoms. The U5 ppm le v e l  of manganese appeared to  be 
optimum fo r  growth and p rev e n tio n  of p e ro s is .
When c a rb o n -14. la b e le d  EDDHA was ad m in is te red  o r a l ly  to  
c h ick s 26^ 6 o f th e  dose was absorbed w ith  d i s t r ib u t io n  to  a l l  body 
t i s s u e s  analyzed . The c h e la tin g  agen t was m etabolized  as demon­
s t r a te d  by 2 .2 1& o f th e  dose being  c o lle c te d  from r e s p i r a to r y  
carbon d io x id e  in  e ig h tee n  hours . Except fo r  an a p p a ren t con­
c e n tra t io n  in  th e  g iz z a rd  l in in g ,  th e r e  was no p a r t i c u la r  p a tte rn
v i i l
of t i s s u e  d is t r ib u t io n *
Fe^^iDDHA-C^- was no t absorbed as w e ll as th e  f r e e  ac id  
form of EDDHA. When i r o n - ^  was ad m in is te red  a s  f e r r i c ^  c h lo r id e , 
3 . 5 o f the  i r o n - ^ 9  was e x c re ted  in  th e  u r in e .
The copper c h e la te ,  Cu^EDDHA-C^*, was d is ru p te d  to  a  
g re a te r  e x te n t th an  th e  iro n  ch e la te*  The c h e la te  p o r t io n  of th e  
m olecule seemed to  be m etabo lized  a t  about th e  same r a t e  reg a rd ­
le s s  o f th e  form a d m in is te re d .
A pproxim ately *5% o f a d m in is te red  copper-6 4  was found in  
th e  g iz z a rd  l in in g  in d ic a t in g  th e  p o s s ib le  a b so rp tio n  of copper 
through t h i s  membrane* An a d d it io n a l  *2% o f copper-6 4  was found 
in  th e  l iv e r  r e g a rd le s s  o f th e  form in  which i t  was adm inistered* 
Chicks g iven  copper-6 4  as copper n i t r a t e  had a g a l l  b lad d e r co n ten t 
o f .017^ o f , th e  dose* T his in d ic a te d  th a t  th e  b i l e  may be a normal 
pathway of e x c re tio n  fo r  copper.
INTRODUCTION
Voluminous work h as been p u b lish ed  on th e  use of c h e la tin g  
ag en ts  in  p la n t  n u t r i t i o n .  I t  h as  been found th a t  d ram atic  r e s u l t s  
may be ob tained  from th e  use o f c h e la t in g  ag en ts  in  f e r t i l i z e r s  
e s p e c ia l ly  where t r a c e  m inera l n u t r i t i o n  i s  a problem . Much le s s  
work h as been done w ith  anim als and l i t t l e ,  i f  any, b e n e f ic ia l  
e f f e c t s  have been observed .
I t  i s  th o u g h t t h a t  *c h e la tio n "  or m etal b ind ing  i s  impor­
ta n t  in :  (a) th e  d ig e s t io n ,  a b so rp tio n , and a s s im ila t io n  o f food
n u t r ie n t s ,  (b) th e  fo rm atio n  of th e  numerous enzyme system s th a t  
d i r e c t l y  or i n d i r e c t ly  c o n tro l  a l l  th e  chem ical r e a c t io n s  of th e  
body, (c) th e  sy n th e s is  o f many horm ones, (d) th e  re d u c tio n  of 
th e  damaging e f f e c t s  of to x ic  in s e c t ic id e s  upon anim als and man,
(e )  th e  d e to x i f ic a t io n  of unwanted m e ta ls , such as se len ium , 
b ism uth , antim ony, m ercury, s tro n tiu m , barium , a r s e n ic ,  and lead ,
( f )  th e  t r a n s p o r t  o f v ita m in s , m in e ra ls , hormones and o th e r n u t r i ­
e n ts  to  th e  s i t e  o f a c t io n ,  (g) th e  in h ib i t io n  of pa thogen ic  bac­
t e r i a l  m u lt ip l ic a t io n  v ia  a n t ib io t i c s  o f th e  c h e la t in g  ty p e s ,
(h) th e  s y n th e s is  by p la n ts  o f th e  many n u t r ie n ts  su b stan ces upon 
which anim al and human e x is te n c e  depends, and ( i )  th e  p ro v is io n  of 
th e  mechanisms of r e a c t io n  th a t  makes p o s s ib le  th e  in t e r r e l a t e d  
fu n c tio n in g  of v ita m in s , m in e ra ls , amino a c id s ,  hormones and o th er 
e s s e n t ia l  f a c to r s  t h a t  r e g u la te  th e  c e l lu l a r  m etabo lic  p ro cesses
1
2o f  th e  body.
H e re to fo re , no s y n th e tic  c h e la t in g  agen t was a v a i la b le  
which would be e f f e c t iv e  in  b ind ing  c e r ta in  m inera l e lem ents a t  
th e  pH range found in  th e  i n t e s t i n a l  t r a c t s  o f p o u l try .  R ecently  
such an a g e n t, EDDHA, has become a v a i la b le .  I t  was found to  be 
e f f e c t iv e  in  c e r t a in  p la n t  c o n d itio n s  which would no t respond 
to  o ld e r s y n th e tic  c h e la t in g  a g e n ts . ( I t  was of i n t e r e s t  to  t e s t  
i t s  e f f e c t iv e n e s s  w ith  p o u l tr y .)  P re lim in a ry  s tu d ie s  were con­
ducted  by th e  au th o r in  1963 and r e s u l t s  in d ic a te d  th a t  improved 
sk in  p ig m en ta tio n  a s  w ell a s  an in c re a s e  in  growth r a t e  could be 
expected  from th e  a d d it io n  of t h i s  c h e la tin g  agent to  th e  r a t io n s  
o f p o u ltry .  T h e re fo re , th e  s tu d ie s  re p o rte d  in  t h i s  d i s s e r t a t io n  
were planned w ith  th e  fo llo w ing  o b je c tiv e s :
(a ) to  g a in  a d d it io n a l  in fo rm a tio n  concerning th e  le v e ls  o f 
EDDHA needed to  o b ta in  maximum resp o n ses o f growth and pigmenta­
t io n ,
(b) to  study  more c r i t i c a l l y  th e  in te r r e l a t io n s h ip s  between 
th e  c h e la tin g  agen t and t r a c e  m in e ra l elem ents which were in d ic a te d  
in  th e  r e s u l t s  o f p rev io u s s tu d ie s ,  and
(c) to  study  m etabolism  o f EDDHA by th e  ch ick  u s in g  is o to p ic -  
a l l y  la b e le d  compounds.
REVIEW OF LITERATURE
C hela tion
M a rte ll  and C alv in  (48) defin ed  a m etal c h e la te  as a 
c y c lic  s t ru c tu re  of m etal atoms and organ ic  ligand  formed by 
donation  o f e le c tro n s  from th e  ligand  donor atoms, u su a lly  oxy­
gen, n itro g e n , or s u l f u r ,  to  th e  e le c tro n  accep to r m etal io n .
The bond th u s  formed may vary  from covalen t to  th e  alm ost com­
p le te ly  io n ic  ty p e . The ty p ic a l ly  f iv e  or s ix  membered r in g  
s t ru c tu re  o f th e  c h e la te  may be a l a b i le  one w ith the  m etal ion  
in  a loose and tenuous eq u ilib riu m  w ith th e  organic ligand  or may 
be of th e  r ig id  geometry and t i g h t  m eta l-b ind ing  c h a r a c te r i s t i c  
of the  m etal po rp h y rin s . S tru c tu ra l  v a r ia t io n s  and th e  su b tle  
in te g ra t io n  of th e  e le c tro n  donor c h a r a c te r i s t i c s  of th e  ligand  
atoms w ith th e  o r b i ta l  e le c tro n  accep to r p ro p e r t ie s  of th e  r e c ip i ­
e n t m etal ions make p o ss ib le  a h igh order of s e l e c t i v i ty  In  th e  
com bination of the  two components of m etal c h e la te  fo rm ation . As 
a r e s u l t  of th e se  in te r a c t io n s ,  th e  organism has a v a ila b le  th e  
means of s e le c tin g  and accum ulating s p e c if ic  b io lo g ic a l ly  req u ire d  
m etal ions from th e  environm ent (5 9 ).
S ev e ra l f a c to r s  a re  involved in  th e  b ind ing  of a c a tio n  
by a ligand  in  b io lo g ic a l  system s: (a) s iz e  of th e  c a t io n , (b) e le c ­
t r o n e g a t iv i ty ,  (c) shape of th e  c a t io n , (d) s t e r i c  h in d eran ce ,
(e ) pH and ( f )  com petition  between complexing c e n te rs  (29, 6 8 ).
3
uThough th e  knowledge o f s t r u c tu r e  and fu n c tio n  of b io lo g ic a l  
c h e la te s  i s  m eager, i t  i s  known th a t  in  some cases  th e  m etal ion  
t h a t  i s  p re se n t i s  needed in  th e  m etabo lic  p rocess#  One group of 
th e  com pleting ag en ts  in  b io lo g ic a l  system s i s  c o n s ta n tly  being  
sy n th e s ize d  and d e s tro y ed ; th e re  i s  ano ther group of c h e la te s  in ­
volved which a c t  a s  t r a n s p o r t  and s to ra g e  a g e n ts . An example of 
th e  f i r s t  group i s  f e r r i t i n  and an example o f th e  t r a n s p o r t in g  
ag en ts  i s  s id e ro p h il in .  A l l  th e  c h e la t in g  ag en ts  t h a t  have been 
s tu d ie d  in  th e  s to ra g e  and t r a n s p o r t  o f m eta ls  a re  p ro te in s  (68 ,
-42).
M etal ions a re  known to  fu n c tio n  in  enzyme system s.
M etal ions can in f lu e n c e  enzyme re a c t io n s  in  a v a r ie ty  o f  ways by 
in te r a c t in g  w ith components in  th e  r e a c t io n  system  or in f lu e n c e  th e  
r a t e  o f enzym atic r e a c t io n  w ithou t th e  complex being  invo lved  in ­
t r i n s i c a l l y  in  th e  c a t a ly t i c  mechanism. The m etal ion  may func­
t io n  in  a complex w ith  th e  s u b s tra te  or tak e  p a r t  in  th e  mechanism 
o f th e  re a c t io n  th u s  becoming a coenzyme ( 36 , 4-7).
In  a comparison o f  manganese v e rsu s  magnesium in  v i t r o  
and irj v ivo  system s C o tz ias  (11 , 12) s ta te d  th a t  th e  r e l a t i v e  lack  
of s p e c i f i c i ty  observed in  th e  in  v i t r o  system s could l e  re c o n c ile d  
w ith  h igh  s p e c i f i c i t y  observed in  v ivo  by a com parison o f  th e  
v a len ce  s t a te  o f th e  two m etals du ring  t r a n s p o r t  by p lasm a. I t  was 
p o in ted  out th a t  in  a d d it io n  to  th e  se p a ra te  normal b in d in g  s i t e s ,  
a la rg e  f r a c t io n  o f plasma manganese occu rs in  t r i v a l e n t  form w hile  
plasm a magnesium i s ,  o f co u rse , d iv a le n t .  The n ecessa ry  redox 
system s which r e s u l t  in  s t a b i l i z a t i o n  by b in d in g  o f Mn ( i l l )  tire
5s u f f i c i e n t  to  account fo r  th e  in  v ivo  s p e c i f i c i t y .  I f  a p p lied  
in  v i t .r o . th ey  m ight se rve  to  d i f f e r e n t i a t e  n h y s io lo g ic a l from 
a r t i f a c t u a l  phenomena (IX , 12, 1, A, 6 , 7 ) .
The s t r ik in g  b io lo g ic a l  fu n c tio n s  of th e  c a tio n s  of 
m eta ls  have c re a te d  an i n t e r e s t  in  o b ta in in g  m eta l-b in d in g  agen ts 
which would e i th e r  a c c e le ra te  or r e ta r d  th e se  fu n c tio n s . A ll  th e  
p ro p e r t ie s  o f such m eta l-b in d in g  ag en ts  a re  no t p re s e n tly  known. 
However, to  be u se fu l  they  must n e c e s s a r i ly  be s e le c t iv e  in  th e i r  
a c t io n s .
According to  A lb e rt (2 , 3 ) ,  s ix  c la s s e s  of s e le c t iv e  
ag en ts  a re  re q u ire d : (ay agen ts  to  h e lp  th e  p la n t  s e le c t  an
o therw ise  in a c c e s s ib le  m inera l from th e  s o i l ,  (b) agen ts  th a t  a re  
capab le  o f d i f f e r e n t i a t i n g  between p la n ts  and in s e c ts ,  (c) ag en ts  
th a t  a re  a b le  to  d i f f e r e n t i a t e  between p la n ts  and fu n g i, (d) ag en ts  
th a t  a re  a b le  to  d i f f e r e n t i a t e  betw een e s s e n t ia l  and poisonous 
m e ta ls , (e) ag en ts  capab le  of d i f f e r e n t i a t i n g  between mammals 
and th e i r  p a r a s i t e s ,  ( f )  agen ts t h a t  can d i f f e r e n t i a t e  between 
normal and p a th o lo g ic a l  p ro cesses  (2 , 3 , 5, 16, 20, 2 8 ),
In  19^5, K ro ll  (^0) announced th e  sy n th e s is  of a  pheno lic  
analogue of EDTA (e th y le n e d ia m in e te tra a c e tic  a c id ) .  T his compound 
has been known as S equestrene  138 and Chel 138. Chem ically i t  i s  
co n sid ered  to  be e thy lened iam ine  d i  (o -hyd roxypheny lace tic  a c id ) ,  
EDDHA. According to  W allace (65 ) EDDHA i s  h ig h ly  s p e c i f ic  fo r  
iro n  i f  i ro n  i s  p re s e n t .  T his i s  because o f i t s  h igh  s t a b i l i t y  
constant, ( log  K i s  about 33)* EDDHA w i l l  c h e la te  o th er m eta ls  i f  
i n s u f f i c i e n t  iro n  i s  p re s e n t to  c h e la te  a l l  th e  EDDHA.
6I t  i s  now known th a t  some n a tu ra l  feed  in g re d ie n ts  a c t  as 
b in d in g  ag en ts  in  a s im ila r  fa sh io n  to  th a t  known to  o rg an ic  che­
l a t e s  (54)* In  v i t r o  s tu d ie s  w ith  soybean p ro te in  in d ic a te  t h a t  th e  
com bination o f p h y tic  a c id  and i s o la te d  soybean p ro te in  has been 
shown to  b ind  more z in c  th an  e i th e r  a lone  a t  pH ,4*0. Soybean p ro te in  
which has been p a r t i a l l y  f re e d  o f p h y tic  a c id  w i l l  b ind  le s s  z in c  a t  
b o th  pH 4*0 and pH 5.4 th an  u n tre a te d  soybean p ro te in .  The a d d itio n  
of EDTA or c i t r i c  a c id  to  th e  suspension  reduced th e  amount of z inc  
bound by th e  soybean p ro te in  (18 , 38, 39).
There appears  to  be an in te r a c t io n  between calcium  and 
p h y tic  a c id  r e l a t i v e  to  th e  a v a i l a b i l i t y  of z in c . The p h y tic  ac id  
in  soybean p ro te in  could e x p la in  why calcium  d ec rea ses  th e  a v a i l ­
a b i l i t y  o f z in c  in  t h i s  p ro te in  b u t n o t in  anim al p ro te in .  B al­
ance s tu d ie s  show th a t  f e c a l  e x c re tio n  of z in c  by ch ick s  fed 
soybean p ro te in  I s  60% h ig h e r th an  th o se  fed  c a se in  (3 8 ) .
I t  i s  a w e ll known f a c t  t h a t  th e  p resence  of many c a tio n s  
in  h igh  c o n c e n tra tio n  r e s u l t s  in  decreased  growth of m icroorganism s. 
The g e n e ra l e f f e c t s  o f m eta ls  as  p ro to p lasm ic  po isons undoubtedly 
a re  involved  in  t h i s  to x ic  e f f e c t .  I n te r a c t io n  of m eta ls  and pro­
te in s  i s  considered  a  s ig n i f ic a n t  f a c to r  in  th e  to x ic  e f f e c t s  of 
m eta ls  on m icroorganism s (34 , 35, 4 8 ) .  H utner e t  a l . (34) found 
th a t  EDTA had unique advantages as a means o f s t a b i l i z in g  m etal ion  
c o n c e n tra tio n s  in  th e  medium a t  a le v e l  in  th e  range re q u ire d  fo r  
op tim al growth o f m icroorganism s*
7That th e r e  i s  an in tim a te  r e la t io n s h ip  betw een th e  h o s t 
and h is  m ic ro f lo ra  w ith  r e s p e c t  to  c e r ta in  fundam ental m etabo lic  
and n u t r i t i o n a l  f a c to r s  has been w e ll e s ta b l is h e d .  For example, 
th e  h o s t  an im al, under c e r ta in  c irc u m sta n ce s , depends on i n t e s t i n a l  
m icroorganism s fo r  th e  sy n th e s is  o f c e r t a in  m ic ro n u tr ie n ts  (K »  45»
51, 7 0 ) . Lev and F orbes (44.) dem onstra ted  th a t  a s t r a in  o f C lo s t r i -  
fl-i nm w e lc h ii when p re s e n t  in  th e  i n t e s t i n a l  t r a c t  o f ch ick s de­
p re s s e s  t h e i r  grow th . A d d itio n  of an a n t i b i o t i c ,  i . e . ,  one th a t  
e f f e c t iv e ly  red u ces th e  number o f C lo s trid iu m  w e lc h i i . e lim in a te s  
t h i s  e f f e c t .  These and o th er f in d in g s  p o in t  to  a c lo s e ,  complex, 
and o f te n  c r i t i c a l  r e la t io n s h ip  betw een th e  h o s t and th e  m icroorgan­
ism s he norm ally  h a rb o rs . However, th e  s p e c i f ic  n a tu re  and s ig n i­
f ic a n c e  of th e se  r e l a t io n s h ip s ,  which a f f e c t  a v a r ie ty  o f m etabo lic  
and n u t r i t i o n a l  a re a s  in  h e a l th ,  in ju ry  and d is e a s e , a re  s t i l l  
la rg e ly  unexp lo red .
I t  appears l ik e ly  t h a t  th e  n u t r i t i o n a l  requ irem en ts  fo r  
th e  in d isp e n sa b le  t r a c e  elem ents a re  r e l a te d  to  t h e i r  p a r t i c ip a t io n  
in  v a rio u s  enzyme system s. For exam ple, th e  heme enzymes, such as 
th e  cytochrom es, th e  z in c -c o n ta in in g  enzymes, such as carb o n ic  an- 
h y d rase , and s e v e ra l  dehydrogenases a re  enzymes in  which th e  m etal 
in n  i s  an in te g r a l  p a r t  o f th e  enzyme complex. In  a d d it io n ,  many 
enzymes a re  known th a t  r e q u ire  th e  p resen ce  of a m etal io n  which a c ts  
a s  an a c t iv a to r .  In  most cases more th a n  one io n  can a c t iv a te  th e  
enzyme. T h ere fo re , i t  i s  d i f f i c u l t  to  e s ta b l is h  t h a t  a  p a r t i c u la r  
m eta l io n  i s  p r e f e r r e d .
8N u tr i t io n a l  requ irem ents fo r  i ro n , according  to  Davis 
e t  a l . (1 8 ), i s  between 65 and 105 ppm fo r  ch ic k s . However, nu­
t r i t i o n a l  requirem ents fo r  most sp ec ie s  have no t been e s ta b lish e d  
probably because iro n  i s  p re se n t in  adequate q u a n t i t ie s  in  most 
f e e d s tu f f s .  I ro n  i s  of prim ary im portance to  th e  anim al organism 
because of i t s  r o le  in  hem atopo iesis which was e s ta b lis h e d  by E lve- 
hjem and H art (22, 3 1 ) . Copper i s  e s s e n t ia l  fo r  th e  p roper u t i l i ­
z a tio n  of iro n  in  hemoglobin sy n th e s is  (23)*
Although a d ie ta r y  requ irem ent has not been e s ta b lis h e d  
fo r  copper, i t  i s  f e l t  th a t  th e  d ie ta ry  need fo r  copper i s  to  f u l ­
f i l l  i t s  ro le  in  hem atopoiesis and i t s  fu n c tio n  in  enzyme systems
(22, 23, 31, 32, 46, 6 0 ).
P e ro s is  i s  a n u t r i t io n a l  d ise a se  o f chickens which in ­
vo lves a d e fic ie n c y  o f manganese. I t  has been re p o rte d  th a t  a
d ie ta r y  le v e l o f 50 ppm o f manganese i s  req u ire d  to  p reven t th e  
inc idence  of p e ro s is  (2 7 ).
I t  i s  a w e ll e s ta b lis h e d  f a c t  th a t  a d e fic ie n c y  of manga­
nese in  th e  d ie t s  of hens r e s u l t s  in  low egg p roduction  and a high 
m o r ta li ty  of embryos during  th e  f i n a l  s ta g e s  of in cu b a tio n  (2 7 ).
The amount of z inc  req u ire d  fo r  chickens appears to  depend 
upon th e  type o f r a t io n  used . Z e ig le r  e t  a l . (71) rep o rte d  a zinc 
requirem ent o f 12-14 ppm t o t a l  z inc when a p u r i f ie d  d ie t  was fed .
In  r a t io n s  co n ta in in g  is o la te d  soybean p ro te in  th e  z inc  requirem ent 
was 27-29 ppm.
9R ad ioactive  isotoneB
A somewhat em p irica l approach c h a ra c te r iz e d  most of th e  
e a r ly  re sea rch  w ith  t r a c e  elem ents. More re c e n tly , th e re  has been 
an in te n s iv e  a t ta c k  upon th e  m etabolic  movements of t r a c e  elem ents 
w ith in  th e  anim al body and th e i r  mode of a c tio n  w ith in  th e  t i s s u e s .  
The tremendous p ro g ress  made during  th e  l a s t  20 y ears  in  th e se  re ­
sp e c ts  was g re a t ly  a s s is te d  and s tim u la te d  by th e  use  of ra d io ­
a c t iv e  iso to p e s  o f s u i ta b le  h a l f - l i f e  of v i r tu a l ly  every  element of 
b io lo g ic a l  i n t e r e s t .  A bsorp tion , r e te n t io n ,  e x c re tio n , and k in e t ic  
s tu d ie s  w ith t r a c e  elem ents were f a c i l i t a t e d  th a t  were te d io u s , d i f ­
f i c u l t ,  or im possib le  using  p rev ious techn iques fo r th e  determ ina­
t io n  of s ta b le  elem ents (63 ) .  An elem ent which occurs in  the 
d i e t  a t  a  le v e l o f 0 .05 ppm or le s s  can be follow ed from feed to  
u ltim a te  lo c a tio n  w ith in  a s p e c if ic  t i s s u e  o f an anim al weighing 
1000 lb s .  w ithout in c re a s in g  th e  amount o f elem ent in  th e  d i e t  
above th e  p h y s io lo g ic a l le v e l  (1 7 ) .
Hansard (30) review s v a rio u s  techn iques used in  th e  a p p li­
c a tio n  o f ra d io a c tiv e  iso to p e s  to  in v e s t ig a te :  th e  u t i l i z a t i o n  o f
o rgan ic  and in o rg an ic  m e ta b o lite s , p h y s io lo g ic a l a v a i la b i l i t y  of 
r a t io n  a d d it iv e s ,  th e  p rocess of grow th, th e  complex and dynamic 
fu n c tio n  of th e  b io lo g ic a l  system , th e  requ irem ents fo r  m aintenance, 
and the  m etabolic  pathways of th e  v a rio u s  n u t r ie n ts .
Developments of l i q u i d - s c i n t i l l a t i o n  counting  as a p r a c t ic a l  
method fo r  th e  assay  of rad io so to p es  in  b io lo g ic a l  samples e lim in a ted  
many of th e  d i f f i c u l t i e s  p rev io u s ly  a sso c ia te d  w ith s o f t  b e ta
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counting* As a r e s u l t  of th e se  advances in  methodology, th e  use 
of tagged organic m e tab o lite s  has in c reased  ra p id ly  (8 ) ,
In  view of t h e i r  r e la t io n s h ip  to  th e  t r a c e  e lem en ts, th e  
a v a i l a b i l i t y  o f sy n th e tic  c h e la tin g  agen ts  and modern techn iques 
fo r  th e i r  d e te rm in a tio n , i t  seems h ig h ly  probable  th a t  c h e la te  
re se a rc h  w i l l  in c re a se  ra p id ly  in  th e  near fu tu re .
SECTION ONE 
PRACTICAL RATION STUDIES
In tro d u c tio n
S c ie n t i f i c  d a ta  su p p o rtin g  th e  a d d it io n  of c h e la te s  to  
p r a c t i c a l  type  p o u ltry  r a t io n s  i s  m eager. T e le o lo g ic a lly  th e se  
compounds show prom ise w ith  r e s p e c t  to  e lu c id a tin g  some of th e  
complex problem s of n u t r i t i o n a l  in te r r e l a t io n s h ip s .
E ly (24.) claim ed th a t  th e  a d d it io n  o f f i f t e e n  to  two 
hundred th ousand th s o f 1% o f th e  t r i -  or te tra so d iu m  s a l t s  of 
EDTA would a c c e le r a te  growth in  young growing b i rd s  approxim ately  
f iv e  p e rc e n t.
Cardon (9) made numerous c la im s fo r  th e  use o f c h e la tin g  
ag en ts  in  th e  r a t io n s  o f ru m in an ts . The most n o ta b le  o f th e se  
w ere: (a ) an in c re a s e  in  d i g e s t i b i l i t y  o f low grade f e e d s tu f f s ,
(b) th e  s o lu b i l i z a t io n  o f i ro n , copper, manganese, molybdenum and 
z in c .
M iles (49) found th a t  th e  a d d it io n  of 800 grains EDDHA per 
to n  o f feed  In  th e  p resence  o f c e r ta in  le v e ls  o f manganese, z inc  
and copper s ig n i f i c a n t ly  improved sk in  p igm en tation  in  b r o i l e r  
c h ic k s . I n  a d d it io n  th e re  were in d ic a t io n s  t h a t  o th e r b e n e f i t s ,  
i . e . ,  w eight g a in , m ight be expected  when optim al le v e ls  o f EDDHA 
and c e r ta in  t r a c e  elem ents have been determ ined .
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Sanchez (62) rep o rte d  t h a t  EDTA adm in istered  o ra l ly  or 
in tra m u scu la rly  to  hens fo r  30 days had no e f f e c t  on egg lay ing  
rhythm: eggs were deform ed, weighed le s s  and had lower calcium
c o n ten t in  sh e llB .
Innum erable s c i e n t i f i c  papers have been pub lished  which 
show th a t  young growing p o u ltry  respond favo rab ly  to  a n t ib io t i c  
feed ing  (3 5 ). I t  i s  thought th a t  th e  chem ical d if fe re n c e s  of a n t i ­
b io t i c s  reduces th e  p o s s ib i l i ty  th a t  th e  a n t ib io t ic  response occurs 
e i th e r  through th e  d i r e c t  a c tio n  on th e  t i s s u e s  or through a v itam in  
or horm one-like a c t iv i t y .
These t r i a l s  were conducted to  determ ine th e  e f f e c t  o f:
(a) adding c h e la te s  to  th e  d ie t s  o f lay in g  hens, (b) v a rio u s  le v e ls  
of EDDHA added to  b r o i le r  r a t io n s ,  (c) adding c e r ta in  le v e ls  of 
EDDHA to  b r o i le r  r a t io n s  w ith and w ithou t a n t ib io t i c s ,  (d) adding 
fe r ro u s  iro n  to  b r o i le r  r a t io n s  co n ta in in g  v a rio u s le v e ls  of 
EDDHA, (e) adding Ethyoxyquin and EDTA to  b r o i le r  r a t io n s .
M a te r ia ls  and Methods 
T r ia l  IV
F ive  groups of tw e n ty -f iv e  commercial s t r a in  White Leghorn 
p u l le t s  were a l lo te d  to  colony type  houses. These p u l le t s  were 
allow ed to  reach  approxim ately  twenty p e rcen t p roduction  b e fo re  being  
placed on experim ent.
Composition of th e  b a sa l  r a t io n  fed lay ing  hens in  t h i s  
t r i a l  may be found in  Table I .  Composition of a ty p ic a l  t r a c e
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Table I
Comnosition o f th e  B asal Laying R a tio n , T r ia l  IV 
In g re d ie n ts  P ercen t of R ation
Ground yellow  corn A6.7
Soybean meal 50% 15.5
P u lv e rized  o a ts  20 .0
S ta b il iz e d  #2 ta llo w  3 .0
Menhaden f is h  meal 60% 3 .0
A lfa l fa  meal 17% 3 .0
D icalcium  phosphate 3 .0
O yster s h e l l  f lo u r  3.3
S a l t  0 ,5
V itam in premix 1.0
99 .0
Trace m ineral premix 1.0
T o ta l 100.0
Vitam in Premix
S upp lies th e  fo llow ing  amounts o f each fa c to r  per 
pound of f in ish e d  r a t io n
Vitam in A 80,0 mg.
Vitam in D3 7 .2 mg.
Vitam in E 50.0 mg.
C holine ch lo rid e 865.0 mg.
R ib o fla v in 7 .0 mg.
N iacin 31.0 mg.
Paint o then ic  ac id U .O mg.
Vitam in B12 0.01 mg.
Hm in era l mix used in  th e se  experim ents may be found in  Table II*  
V a r ia tio n s  were accom plished by re p la c in g  th e  Item removed w ith 
corn  m eal. R ation  trea tm e n ts  used in  t h i s  t r i a l  a re  p resen ted  
in  Table I I I ,
Table I I
Com position o f a T yp ical Trace M ineral Premix*
In g re d ie n ts Amount in  60 lb ,  premix
Manganese S u lfa te 1,5 lb s .
Cuprie S u lfa te 1.0 lb s .
Zinc Carbonate .5  lb s .
EDDHA 5.3 lb s .
Ground Yellow Corn 51.7 lb s .
♦M ineral premix comprised 1% o f th e  t o t a l  r a t io n .
Feed and w ater were supp lied  ^  lib itu m  throughout th e  
s ix  month t r i a l  p e rio d . In d iv id u a l hen w eights were recorded  a t  
th e  beginning  and end of th e  t r i a l .  T o ta l feed  consumption was 
recorded  monthly and th e  feed  conversion  of each group was com­
pu ted , Records were kept on egg p ro d u c tio n , m o r ta li ty  and o ther 
a b n o rm a litie s .
Three c o l le c t io n s  of one hundred s ix ty -n in e  eggs were 
made from each group th e  f i r s t  te n  days of th e  fo u r th , f i f t h  and 
s ix th  months. One hundred of th e se  eggs were p laced  in  an in cu b a to r
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Table I I I  
R a tion  T reatm ents, T r ia l  IV
R ation Composition
1 B asal p lu s  40 ppm manganese, 40 ppm 
copper, 40 Ppm zinc  added in  th e  re g u la r  
sa lt, form s.
2 B asal p lu s 40 ppm iro n  as Fe EDDHA, 40 
ppm copper as Cu EDDHA, 40 ppm z in c  as 
Zn EDDHA and 40 ppm manganese as Mn 
DPTA.
3 B asal p lu s m inera ls  in  r a t io n  1 p lus 
300 grams per to n  EDDHA.
4 B asal p lu s  1/10 m in era ls  in  r a t io n  2.
5 B asal p lu s 1/10 m inera ls  in  r a t io n  1 
p lu s  BOO grams per to n  EDDHA.
each month and p e rc en t h a tc h a b i l i ty  was computed. Three r e p l ic a ­
t io n s  of s ix ty -n in e  eggs from each group were used to  study th e  
v a r ia t io n  in  s h e l l  th ic k n e ss  and yolk p igm en tation . A yolk p ig ­
m entation  m eter ob tained  from C a rg il l  I n c . ,  M inneapolis, Minne­
so ta  was used to  sco re  each y o lk . Yolks having  a more in te n se  p ig ­
m entation  were g iven  th e  h ig h er sc o re s .
S ix ty  ch icks from each group, ob tained  from h a tc h a b i l i ty  
s tu d ie s ,  were used to  exp lo re  th e  p o ss ib le  ca rry -o v er e f f e c t s  of the  
r a t io n s  fed  to  hens. R ep lica ted  lo t s  of te n  b ird s  each were placed 
in  f iv e  deck e l e c t r i c a l l y  heated  b ro o d ers . H a lf o f th e  chicks from 
each hen trea tm en t were fed  th e  b a sa l r a t io n  (Table IV ), The
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Table IV
Com position of th e  B asa l B ro i le r  R ation  
T r ia ls  IV, V, V II, V II I , and I I
In g re d ie n ts  P e rcen t o f R ation
Ground yellow  corn  56.5
Soybean meal 50$ 27.0
S ta b i l iz e d  #2 ta l lo w  5*0
Menhaden f i s h  meal 60$ 3 .0
A lfa lfa  meal 17$ 3 .0
D icalcium  phosphate 2 .0
O yster s h e l l  f lo u r  1 .0
S a l t  0 .5
V itam in Premix 1.0
99 .0
Trace M ineral premix 1 .0
T o ta l 100.0
A n tib io tic -V ita ra in  Premix
S u p p lie s  th e  fo llow ing  amounts o f each fa c to r  
pe r pound o f f in is h e d  r a t io n
V itam in A 8 0 .0  mg.
V itam in D-j 7 .2  mg.
V itam in E 50.0  mg.
C holine c h lo r id e  865.0  mg.
R ib o fla v in  7 .0  mg.
N iac in  31 .0  mg.
P a n to th en ic  a c id  14*0 mg.
V itam in B ;^ 0 .0 1  mg.
A n tib io t ic  50.0  mg.
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rem ain ing  h a l f  were fed  th e  same r a t io n  supplem ented w ith  4.0 ppm 
manganese, 40 ppm copper and 40 ppm z in c . The v a r ia b le s  s tu d ied  
were lo c a tio n  in  b a t te r y  and r a t io n  tre a tm e n ts .
Feed and w ater were su p p lied  a£ lib itu m  th ro u g h o u t th e  
fou r week t r i a l  p e r io d . Lot w eigh ts were recorded  a t  fo u r weeks 
and average w eight per ch ick  was de te rm ined . Feed consum ption was 
recorded  a t  fou r weeks as w e ll as m o r ta l i ty ,  in c id en ce  of p e ro s is  
and o th e r a b n o rm a lit ie s .
R e su lts  and D iscu ss io n  
T r ia l  IV
Average w eight d a ta  fo r  hens on t h i s  t r i a l  may be found in  
Table V, I t  w i l l  be noted th a t  th e  hens fed  R a tio n s 3 and 4 
(T able I I )  e x h ib ite d  a  lo s s  in  w eight du rin g  th e  t r i a l  p e r io d .
The ap p aren t e x p la n a tio n  fo r  w eight lo s s  in  Group 4 was inadequate  
t r a c e  m in e ra l supp lem en ta tion . I t  may be assumed th a t  th e  c h e la tin g  
agen t was fu n c tio n in g  in  some manner to  reduce  w eight in  Group 3« 
However, R a tion  5 a ls o  con ta ined  th e  c h e la t in g  agen t and w eight was 
as good as t h a t  ob ta ined  on R ation  1 c o n ta in in g  no EDDHA. I t  ap­
peared more l ik e ly  t h a t  th e  m inera l e lem ents added were in te r a c t in g  
in  some way to  reduce  w eight and th a t  th e  re d u c tio n  of th e  m in e ra l 
le v e l  a l l e v ia te d  th e  c o n d itio n . Because o f th e  manner in  which t h i s  
s tudy  was conducted, no s ig n if ic a n c e  was a tta c h e d  to  th e s e  d a ta .
Egg p ro d u c tio n  and feed e f f ic ie n c y  d a ta  a re  p resen ted  in  
Table V I. No s ig n if ic a n c e  was a tta c h e d  to  th e  sm all d i f f e re n c e s
IB
Table V 
Hen W eights, T r ia l  IV
Group Average I n i t i a l  
Wt, in  lb s .
Average F in a l  
Wt. in  lb s .
1 3.38 3.89
2 3.30 3.35
3 3.38 3.78
4 3.96 3.78
5 3.38 3.37
Egg Product!.on and
Table VI 
Feed Conversi on, T r ia l  IV
Group T o ta l Hen Eggs Per P ercen t Lbs. Feed /
Eggs Days Hen P roduction Doz. Eggs
1 2983 4.081 133.8 73.0 4.48
2 2718 4445 111.9 61.0 4 .54
3 2700 4419 112.0 61.0 4 .50
4 2689 4291 114.9 62 .6 4.60
5 2913 4524 117.9 6 4 .4 4.46
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observed in  feed  e f f ic ie n c y .  However, a l l  groups re c e iv in g  la b o ra ­
to ry  c h e la te d  m in e ra ls , c h e la tin g  agen t nr inadequate  t r a c e  min­
e r a l  supp lem enta tion  e x h ib ite d  a lower pe rcen tag e  p ro d u c tio n  th an  
th e  group fed  R ation  1 co n ta in in g  J+0 ppm added manganese, copper, 
and z inc  w ith o u t added EDDHA.
According to  K ro ll (40) and W allace (65 ) EDDHA p re fe re n ­
t i a l l y  c h e la te s  i ro n  a t  th e  pH found in  th e  i n t e s t i n a l  t r a c t s  of 
pou ltry#  Assuming th e  p r e f e r e n t i a l  c h e la t io n  of i ro n , th e  hens fed 
R a tio n  2 would, in  e f f e c t ,  be re c e iv in g  150-200 grams per ton  EDDHA 
t h a t  had been removed from c h e la t io n  to  copper and z in c . I t  would 
be expected  t h a t  th e  c h e la te  complex would be d is a s s o c ia te d  in  th e  
a c id  c o n d itio n s  found in  th e  p ro v e n tr ie u lu s  o f th e  ch icken . In  
view of th e  f a c t  t h a t  egg p roduction  i s  a s e n s i t iv e  in d ic a to r  of 
th e  p h y s io lo g ic a l w e ll be ing  of th e  hen , t h i s  a v a i la b le  c h e la tin g  
agen t may be re s p o n s ib le  fo r  th e  lower p roduction  perform ance of 
th e  hens in  Group 2.
Mean p igm en ta tion  sco res  fo r  egg yo lk s from b ird s  on th e  
v a rio u s  tre a tm e n ts  in  t h i s  t r i a l  may be found in  Table V II . A s ig ­
n i f ic a n t  d if f e re n c e  was found to  e x is t  between tre a tm e n ts  when sin 
a n a ly s is  o f v a ria n c e  was conducted.
When comparing th e  p igm en ta tion  means i t  should  be k e p t 
in  mind tha+ th e  h ig h e r sco re  in d ic a te s  a more in te n s e  yolk p ig ­
m en ta tio n . I t  w i l l  be no ted  th a t  th e  a d d it io n  o f EDDHA f r e e  ac id  
r e s u l te d  in  a marked in c re a s e  in  yo lk  p igm en ta tion  fo r  b ird s  of 
R ations 3 and 5* Yolk p igm en tation  fo r  b ird s  on R ation  2 co n ta in in g  
la b o ra to ry  c h e la te d  m in e ra ls  was a ls o  in te n s i f i e d .  However, t h i s
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in c re a se  in  p igm entation  was no t as pronounced as t h a t  seen in  
Groups 3 and 5. T his r e l a t iv e  d if fe re n c e  in  yolk p igm entation  lends 
credence to  th e  h y p o th esis  th a t  th e  hens re c e iv in g  R ation  2 , in  
e f f e c t ,  were fed  150-200 grams per ton  EDDHA. A s im ila r  response 
was noted in  sk in  p igm entation  s tu d ie s  in  b r o i le r s  on p rev io u s ly  
conducted t r ia lB  ( 50) .
Table VII 
Yolk P igm entation  S co res , T r ia l  IV
C o lle c tio n
Period
Group
1 2 3 4 5
1 6.72 7.93 9 .04 7.05 9.05
2 8 .28 9.35 9 .85 7.24 10.17
3 8 .25 8.87 10.9 8 .6 4 9 .17
Average 7.75 8.72* 9.69** 7.64 9.64**
* S ig n if ic a n t  over 7.75 a t  th e  *05 le v e l  of p ro b a b i l i ty .
** S ig n if ic a n t  over 7 .75 a t  th e  .01  le v e l  of p ro b a b i l i ty .
A nalysis of va rian ce  of egg s h e l l  th ic k n e ss  d a ta  rev ea led  
no s t a t i s t i c a l  d if fe re n c e s  among th e  r a t io n s  fed in  t h i s  experim ent. 
M o r ta li ty  was low enough th a t  no s ig n if ic a n c e  was a tta c h e d  to  th e se  
lo s s e s .
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P e rce n t h a tc h a b i l i ty  may t e  found in  Table V I I I .  I t  w i l l  be 
no ted  t h a t  no marked d if fe re n c e  in  h a tc h a b i l i ty  e x is te d  among th e  
f iv e  tre a tm e n ts  used in  t h i s  t r i a l .  No p a r t i c u la r  s ig n if ic a n c e  was 
a tta c h e d  to  th e  sm all d e c lin e  in  h a tc h a b i l i ty  reco rded  fo r  b ird s  
re c e iv in g  R a tion  5 . I t  was in te r e s t in g  to  no te  t h a t  th e  hens on 
R a tion  k  e x h ib ite d  th e  h ig h e s t  p e rc en t h a tc h a b i l i ty .  The f a i l u r e  of 
m in e ra l le v e l  a lo n e  to  a f f e c t  h a tc h a b i l i ty  led  one to  q u e s tio n  th e  
c u rre n t  requ irem en ts  of th e se  m in e ra ls , a t  l e a s t  in  t h i s  p a r t i c u la r  
r a t i o n .
E qually  s u rp r is in g  was th e  absence of r e a l  d i f f e r e n c e s  in  
g a in  o f ch icks ha tch ed  from eggs produced on th e  v a rio u s  r a t io n s .
I t  w i l l  be r e c a l le d  t h a t  h a l f  th e se  ch ick s were fed  a b a s a l  r a t io n  
w ith  no added m in e ra l w h ile  th e  rem aining h a l f  rece iv ed  th e  same 
r a t io n  supplem ented w ith  4.0 ppm each o f manganese, copper and z in c . 
The b a s a l  r a t io n  was analyzed  chem ically  fo r  m in e ra l c o n te n t and 
found to  c o n ta in  13 ppm manganese, 12 ppm copper and 35 ppm z in c . 
A lthough th e  z in c  c o n te n t could  be considered  to  be approaching  
o p tim a l, th e  manganese and copper were w e ll below c u rre n t  r e q u ire ­
ments fo r  grow th.
Comparison o f feed  conversion  means f a i l e d  to  show a s t a ­
t i s t i c a l l y  s ig n i f i c a n t  d if f e r e n c e  among ch ick s  on th e  two r a t io n s .
The in c id en c e  o f p e ro s is  in  th e se  ch icks was a lm ost non­
e x i s te n t .  A lthough d e f i n i t e  symptoms of p e ro s is  would no t be ex­
pected  a t  four weeks, i t  seemed most unusua l t h a t  no p a r t i c u la r  
a b n o rm a litie s  were observed du ring  t h i s  t r i a l .  The ch icks appeared 
h e a lth y  and v igo rous a t  a l l  t im e s .
Table V III 
P ercen t H a tc h a b il i ty , T r ia l  IV
R ation Composition ®ggs
S e t
Eggs
Hatched
P ercen t
H a tc h a b il i ty
1 B asa l p lu s AO ppm manganese, AO ppm 
copper and AO ppm zinc
228 192 8A.2
2 B asa l p lu s AO ppm iro n  as Fe EDDHA, 
40 ppm manganese a s  Mn DPTA, AO ppm 
copper as Cu EDDHA and AO ppm z inc  
as Zn EDDHA
20A 172 8A.3
3 B asa l p lu s m inera ls  in  R ation  1 p lu s 
800 grams per ton  EDDHA
213 179 8A.0
A B asal p lu s  1/10 m in era ls  in  R ation  2 223 190 85.0
5 B asa l p lu s  l/UO m inera ls  in  R ation  1 
p lu s  800 grams per to n  EDDHA
237 192 81.0
* M inerals in  R ations 1, 3 and 5 were added as re g u la r  s a l t s .
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T r ia ls  V, V II, V III and I I
Ten thousand f i f t y  s t r a ig h t  run  V an tress Cross ch icks were 
used in  th e se  t r i a l s *  Chicks in  T r ia ls  V, VII and I I  were housed 
in  a pole type house co n ta in in g  pens o f adequate s iz e  to  accommodate 
one hundred c h ic k s . Chicks in  T r ia l  V III were wing-banded and 
p laced  in  e l e c t r i c a l l y  h ea ted  b a t t e r i e s  having f iv e  decks d iv ided  
in  h a l f  to  accommodate te n  b ird s  per pen* Each trea tm en t in  th ese  
t r i a l s  was r e p l ic a te d  a minimum of th re e  tim es using  a randomized 
b lock  d e s ig n . In  T r ia ls  V, VII and I I  ch ick s were a l lo te d  to  pens 
in  such a manner as to  perm it removal of th e  v a r ia t io n s  due to  pen 
lo c a tio n  and r a t io n  tre a tm e n t. The v a r ia t io n s  due to  lo c a tio n  in  
b a t te r y  and r a t io n  trea tm e n ts  were s tu d ied  in  T r ia l  V I I I ,
The b a s a l  r a t io n  fed in  th e se  t r i a l s  may be found in  
Table IV and a ty p ic a l  t r a c e  m ineral premix may be found in  Table 
I I ,  V a ria tio n s  were accom plished by re p la c in g  th e  item  removed 
w ith  corn m eal. R ation  trea tm e n ts  used in  th e se  t r i a l s  a re  p re ­
sen ted  in  Tables I I ,  I ,  I I  and I I I .
Feed and w ater were su p p lied  a£ lib itu m  throughout th e  
t r i a l  p e rio d s o f e ig h t  weeks. Lot w eights were recorded a t  four 
and e ig h t  weeks and average w eight per ch ick  computed. Feed con­
sum ption was recorded  a t  four and e ig h t weeks and feed conversion  
com putations made. Records were kep t on m o r ta li ty  and o ther abnor­
m a l i t ie s  .
2U
The ch icks in  T r ia l  VII were t r a n s fe r r e d  a t  fou r weeks 
from th e  e l e c t r i c a l l y  heated  s t a r t e r  b a t t e r i e s  to  f in is h e r  type 
b a t t e r i e s  fo r  th e  l a s t  fou r weeks of th e  t r i a l .
Upon com pletion of T r ia ls  V, V III , and IX, tw enty b ird s  
from each trea tm en t were p rocessed  and sk in  pigm entation  e v a lu a tio n s  
were made. D ressed b ird s  were thoroughly  c h i l le d  and scored  by 
D r. B. H. Davis and Dr. C . C. Brunson, P o u ltry  Science Departm ent, 
L ou isiana  S ta te  U n iv e rs ity . The p igm entation  sco res were based 
on th e  methods used in  p rev ious s tu d ie s  (5 0 ), P a in t m ix tu res used 
fo r  p reparing  graded sco ring  boards may be found in  Appendix A.
Table U
R ation  T reatm ents, T r ia l  V
R ation Composition
1 B asal p lus 4.0 ppm manganese, 40 ppm 
copper and 4-0 ppm zinc
2 R ation  1 p lu s 500 grams per ton  EDDHA
3 R ation  1 p lu s  700 grams per to n  EDDHA
4 R ation  1 p lu s  800 grams per to n  EDDHA
5 R ation  1 p lu s  .012536 Ethyoxyquin
6 B asal p lu s 20 ppm manganese, 20 ppm 
copper and 20 ppm zinc
7 R ation  6 p lu s  500 grams per to n  EDDHA
8 R ation  6 p lu s 700 grams per ton  EDDHA
9 R ation  6 p lu s  800 grams per to n  EDDHA
10 R ation  6 p lu s  .012556 Ethyoxyquin
11 B asa l p lu s 4 ppm manganese, 4 ppm copper 
and 4 ppm z inc
12 R ation  11 p lu s 500 grams per ton  EDDHA
13 R ation  11 p lu s  700 grams per to n  EDDHA
H R ation  11 p lu s  800 grams per to n  EDDHA
15 R ation  11 p lu s .012536 Ethyoxyquin
* M inerals in  T r ia l  V were added as re g u la r  s a l t s .
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Table X
R ation  T reatm en ts, T r ia l  VII 
R a tio n s  Com position
1 B asa l p lu s  AO ppm manganese, AO ppm
copper and AO ppm z in c
2 R ation  1 p lu s  50 grains per to n  EDDHA
3 R ation  1 p lu s  100 grains per to n  EDDHA
A R ation  1 p lu s 250 grams per to n  EDDHA
5 ' R a tion  1 p lu s  350 grams per to n  EDDHA
6 R ation  1 p lu s  500 grams per to n  EDDHA
7 B asa l p lu s  AO ppm manganese, AO ppm copper
and AO ppm z inc  p lu s  10 grams per to n  
Oleandomycin
8 R ation  7 p lu s  50 grams per ton  EDDHA
9 R ation  7 p lu s  100 grams per to n  EDDHA
10 R ation  7 p lu s  250 grams per to n  EDDHA
11 R ation  7 p lu s  350 grams per to n  EDDHA
12 R ation  7 p lu s  500 grams per to n  EDDHA
* M inera ls  in  T r ia l  VII were added a s  re g u la r  s a l t s
27
Table I I
R a tion  T reatm ents, T r ia l  V III
R ations Com position
1 B asal p lu s  4.0 ppm manganese, 40 ppm copper 
and 40 rpm zinc
2 R ation  1 p lu s 100 grams per to n  EDDHA
3 R ation  1 p lu s 300 grams per ton  EDDHA
4 R ation  1 p lus 500 grams per ton  EDDHA
5 R ation  1 p lu s 600 grams per to n  EDDHA
6 B asal p lu s 20 ppm manganese, 20 ppm cop­
per and 20 ppm z inc
7 R ation  6 p lu s  100 grams per to n  EDDHA
8 R ation  6 p lu s  300 grams per to n  EDDHA
9 R ation  6 p lu s  500 grams per to n  EDDHA
10 R ation  6 p lu s  600 grams per ton  EDDHA
11 B asal p lu s  4 ppm manganese, 4 ppm copper 
and 4 ppm zinc
12 R ation  11 p lu s  100 grams per ton  EDDHA
13 R ation  11 p lu s 300 grams per to n  EDDHA
U R ation  11 p lu s 500 grams per to n  EDDHA
15 R ation  11 p lu s  600 grams per ton  EDDHA
* M inerals in  T r ia l  V III were added as re g u la r  s a l t s .
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Table H I
R a tio n  T rea tm en ts , T r ia l  I I
R a tio n s  Com position
B asal p lu s  400 ppm manganese, 40 ppm cop­
per and 40  ppm z in c
2 R ation 1 p lu s 63 grams per ton  i ro n
3 R ation 1 p lu s 126 grams per to n  iro n
4 R ation 1 p lu s .015% EDTA
5 R ation 1 p lu s 200 grams per to n  EDDHA
6 R ation 5 p lu s 16 grams per to n  iro n
7 R ation 5 p lu s 32 grams per to n  iro n
8 R ation 1 p lu s 223 grams per to n  FeEDDHA
9 R ation 1 p lu s 400 grams per to n  EDDHA
10 R ation 9 p lu s 32 grams per to n  i ro n
11 R ation 9 p lu s 64 grams per to n  i ro n
12 R ation 1 p lu s 445 grams per to n  FeEDDHA
13 R ation 1 p lu s 600 grams per to n  EDDHA
14 R ation 13 p lu s  47 grams per to n  Iro n
15 R ation 13 p lu s  94 grams per to n  i ro n
a
16 R atio n  1 p lu s  668 grams per to n  FeEDDHA
17 R ation 1 p lu s  800 grams per to n  EDDHA
18 R atio n  17 p lu s  63 grams per to n  i ro n
19 R ation 17 p lu s  126 grams per to n  i ro n
20 R ation 1 p lu s  890 grams per to n  FeEDDHA
* m in e ra ls  in  T r ia l  I I  v e re  added in  re g u la r  s a l t  form 
excep t where c h e la te d  i ro n  was used*
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R e s u l ts  and D is c u sa lo a  
T r i a l s  V, V II , V II I  and IX
Growth
E ig h t week w e ig h ts  and fee d  c o n v e rs io n s  f o r  th e s e  t r i a l s  
may be found in  T ab les  X I I I ,  XIV, XV and XVI• Com parison o f w e ig h t 
and fe e d  co n v e rs io n  means f a i l e d  t o  show s i g n i f i c a n t  e f f e c t s  a s  a 
r e s u l t  o f  th e  a d d i t io n  o f  EDTA, E thyoxyquin  or O leandom ycin t o  th e  
b a s a l  r a t i o n  used  in  th e s e  t r i a l s .
A ten d en cy  tow ard slow er g a in  was d is p la y e d  by  c h ic k s  fed  
r a t i o n s  c o n ta in in g  U ppm added t r a c e  e le m e n ts  in  T r i a l  V (T ab le  
X I I I ) .  However, c h ic k s  r e c e iv in g  a  s im i la r  r a t i o n  in  T r i a l  V III  
(T ab le  XV) e x h ib i te d  g a in s  which a re  somewhat i n c o n s i s te n t  w ith  
th o se  observed  in  T r i a l  V. The a d d i t io n  o f c e r t a i n  l e v e l s  of
EDDHA appeared  to  a l l e v i a t e  th e  e f f e c t s  o f  th e  a p p a re n t  m in e ra l
d e f ic ie n c y .  T h is  in c o n s is te n t  re sp o n se  to  added m in e ra l  e lem en ts 
and c h e la t in g  a g e n t s t ro n g ly  su g g e s te d  th e  e x is te n c e  o f  i n t e r r e ­
l a t io n s h ip s  betw een th e  c h e la t in g  a g e n t and one or more o f  th e  
t r a c e  elem ents* A lthough th e  scope o f th e s e  e x p erim en ts  d id  n o t 
p e rm it c l a r i f i c a t i o n  o f th e s e  i n t e r r e l a t i o n s h i p s ,  s t a t i s t i c a l  
a n a ly s e s  o f th e s e  d a ta  su p p o rte d  th e s e  o b s e rv a t io n s .
W ithout e x c e p tio n , th e  a d d i t io n  o f 700 or 800 grains pe r to n
EDDHA r e s u l te d  i n  s i g n i f i c a n t l y  s low er g ro w th . S in c e  EDDHA i s  known
t o  p r e f e r e n t i a l l y  c h e la te  f e r r i c  i r o n  a t  th e  pH found i n  th e  i n t e s t i n a l  
t r a c t  o f p o u l t r y ,  i t  was h y p o th e s iz e d  t h a t  th e  d e c re a s e  in  r a t e  o f 
g a in  observed  in  th e s e  s tu d ie s  was due to  th e  s tro n g  i r o n  b in d in g
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Table H I I
Mean W eights (Pounds), T r ia l  V 
8 Weeks
Added Mn, Cu** 
and Zn in  ppm
.0125%
Ethyoxyquin
EDDHA. in  Grams Per Ton of Feed
0 500 700 800 Av.
40 3.21 3.24 3.31 3.12* 3.10* 3.20
20 3.20 3 .23 3.24 3.15* 3.08* 3.18
4 3.17 3*12* 3.22 3.16* 3.07* 3.15
Average 3.19 3.20 3 .26 3.14 3.08
* S ig n i f ic a n t  from 3 .24  a t  th e  .05  le v e l  o f p ro b ab ility #
** M inerals in  T r ia l  V were added in  re g u la r  s a l t  form.
c h a r a c te r i s t i c s  o f EDDHA* R e su lts  from m ineral ab so rp tio n  s tu d ie s  
rev ea led  th a t  approx im ately  n in e ty  p e rcen t o f th e  iro n  consumed 
may be recovered  from the e x c re ta  of ch icks re c e iv in g  a ra t io n  
c o n ta in in g  800 grams per to n  EDDHA (50)*
Mean w eight d a ta  fo r  T r ia l  I I  (T able XVI) rev ea led  th a t  
th e  a d d itio n  of c e r ta in  le v e ls  of fe rro u s  iro n  to  r a t io n s  co n ta in ­
ing 600 and 800 grams per ton  EDDHA m arkedly improved growth* The 
a d d itio n  o f c e r ta in  le v e ls  o f c h e la tin g  agen t and fe rro u s  iro n  to  
R ation  1 s ig n i f ic a n t ly  in c reased  gain* Due to  space r e s t r i c t i o n s
i t  was no t p o s s ib le  to  determ ine th e  e f f e c t  of re p la c in g  fe rro u s
iro n  w ith f e r r i c  iron* T h ere fo re , no a ttem p t w ill be made to  d is ­
cuss th e  r e l a t i v e  m erit o f th e se  forms of i ro n . However, i t  i s
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Table XIV
Mean Weights (Pounds), T r ia l  VIII
Added Mn, 
and Zn in
Cu**
ppm
EDDHA in Grams Per Ton of Feed
0 100 300 500 600 Av,
40 2.89 2.92 2.89 2.93 2.78* 2.88
20 2.89 2.80* 2.87 2.79* 2.80* 2.83
4 2.86 2.83 2.80 2.94 2.90 2.86
Average 2.88 2 .85 2.85 2.88 2.83
* S ig n if ic a n t  from 2 .89 a t  th e  .05 leve l of p ro b a b il i ty .
** M inerals in  T r ia l  V III were added as re g u la r  s a l t s .
though t th a t  fe r ro u s  iro n  i s  th e  form th a t  must be p re sen t fo r 
i n t e s t i n a l  ab so rp tio n  by ch ick s .
I t  was in te r e s t in g  to  no te  th a t  th e  a d d itio n  of 445 grams 
per to n  of th e  f e r r i c  c h e la te  o f EDDHA (Fe EDDHA) to  R ation  1 s ig ­
n i f ic a n t ly  in c reased  grow th. O ther le v e ls  of Fe EDDHA appeared to  
have l i t t l e  or no e f f e c t  on g a in . Chem ically th e  f e r r i c  c h e la te  
of EDDHA i s  considered  to  e x is t  as an anion (Fe EDDHA"). The 
response  of b ird s  re c e iv in g  445 grams per to n  Fe EDDHA suggested 
th a t  t h i s  an ion  m ight p o ss ib ly  be fu n c tio n in g  in  some manner to  
promote f a s te r  g a in s .
Feed conversions were above average in  a l l  t r i a l s .  However, 
i t  appeared th a t  th e  u t i l i z a t i o n  of n u t r ie n ts  was no t a f fe c te d  by 
th e  v a rio u s  r a t io n  tre a tm e n ts . Feed conversion  d a ta  p resen ted  in
32
Table XV
Mean W eights (Pounds), T r ia l  VII 
8 Weeks
R ation Composition Weight in  
Founds
1 B asa l p lu s  40 
copper and 40
ppm manganese, 40 
ppm z inc
ppm 2.88
2 R ation  1 p lus 50 grams per to n  EDDHA 2.88
3 R ation  1 plus 100 grams per ton EDDHA 2.89
4 R ation  1 p lus 250 grams per ton EDDHA 2.86
5 R ation  1 p lus 350 grams per ton EDDHA 2.79
6 R ation  1 p lu s 500 grams per ton EDDHA 2.79
7 R ation  1 p lus 
Oleandomycin
10 grams per ton 2.92
8 R ation  2 p lus 
Oleandomycin
10 grams per to n 2.92
9 R ation  3 p lus 
Oleandomycin
10 grams per ton 2.89
10 R ation  4 p lus 
Oleandomycin
10 grams per ton 2.90
11 R ation  5 p lus 
Oleandomycin
10 grams per ton 2.89
12 R ation  6 p lus 
Oleandomycin
10 grams per to n 2.82
* M inerals in  T r ia l  VII were added in  re g u la r  s a l t  f o r * .
12
3
A
5
6
7
8
9
10
11
12
13
U
15
16
17
18
19
33
Table XVI
Mean Weight and Feed Conversion, T r ia l  IX
Composition Weight Feed/
in  lb s .  Gain
B asa l plu s  AO Mn, AO Cu, A0***Zn 3.25 2.29
R ation 1 p lus 63 Fe 3.2A. 2.32
R ation 1 p lu s 126 Fe 3.22 2 .2 1
R ation p lu s  .015/6 EDTA 3.26 2.30
R ation 1 p lus 200 EDDHA 3.33* 2.27
R ation 1 p lu s 200 EDDHA and 16 Fe 3.30 2.20
R ation 1 p lu s 200 EDDHA and 32 Fe 3.23 2.26
R ation 1 p lus 223 Fe EDDHA 3.28 2.26
R ation 1 p lu s A 00 EDDHA 3.31 2.23
R ation 1 p lus A00 EDDHA and 32 Fe 3.3A* 2.27
R a ti on 1 p lu s A00 EDDHA and 6A Fe 3.38* 2.27
R ation 1 p lus AA5 Fe EDDHA 3.33* 2.30
R ation 1 p lu s 600 EDDHA 3.07 2.27
R a ti on 1 p lus 600 EDDHA and A7 Fe 3.33* 2.26
R ation 1 p lu s 600 EDDHA and 9A Fe 3.26 2.25
R ation 1 p lu s 668 Fe EDDHA 3.29 2.25
R ation 1 p lus 668 Fe EDDHA 3.29 2.23
R ation 1 p lu s 800 EDDHA and 63 Fe 3.27 2.27
R ation 1 p lu s 800 EDDHA and 126 Fe 3.38* 2.25
R ation 1 p lus 890 Fe EDDHA 3.25 2.27
S ig n if ic a n from 3.25 a t  th e  .0 5  le v e l  of p ro b a b i l i ty .
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Table XVI la  r e p r e s e n ta t iv e  of th e  d a ta  c o lle c te d  fo r  a l l  t r i a l s .
M o r ta l i ty  was e x c e p tio n a lly  low in  a l l  t r i a l s .  The 
in c id en c e  of p e ro s is  was w e ll w ith in  th e  norm al ran g e . The ch ick s 
appeared h e a lth y  a t  a l l  tim es and o th e r  a b n o rm a litie s  were though t 
to  be in c o n s e q u e n tia l.
P igm en ta tion
Mean p ig m en ta tio n  sco res  fo r  ch ick s  on T r ia l s  V, V III 
and IX may be found In  T ables XXII, XXIII and XXIV. A sco re  o f 1 
was g iven  b i r d s  w ith  th e  l e a s t  amount of sk in  pigment w h ile  a 
sco re  o f 2 , 3 or 4 in d ic a te d  more in te n s e  p ig m en ta tio n . A c lo se  
in s p e c t io n  o f th e s e  d a ta  rev e a le d  t h a t  in  every  in s ta n c e  th e  h igh ­
e s t  p igm en ta tion  sc o re s  were reco rded  fo r  b i rd s  re c e iv in g  r a t io n s  
c o n ta in in g  th e  c h e la t in g  a g en t.
W hile p igm en ta tion  r e s u l t s  in  T r ia l s  V and V III were 
in c o n s is te n t ,  th e  a d d it io n  of fe r ro u s  i ro n  to  th e se  r a t io n s  ( T r ia l  
IX) seemed to  e s ta b l is h  a tre n d  toward s t a b i l i t y .  Seem ingly, 
optimum com binations of fe r ro u s  i ro n  and EDDHA would produce a more 
dependable resp o n se  in  growth as w e ll as p ig m en ta tio n . The exac t 
manner in  which fe r ro u s  iro n  was fu n c tio n in g  in  th e s e  s tu d ie s  was 
n o t a p p a re n t. However, i t  appeared th a t  optimum le v e ls  o f o th er 
m in e ra ls  could  p o ss ib ly  be dependent upon th e  iro n  le v e l  in  th e  
r a t io n .
Summary
The a d d it io n  of a c h e la t in g  agen t (EDDHA) to  a p r a c t i c a l  
lay in g  r a t io n  tended to  reduce egg p ro d u c tio n  i r r e s p e c t iv e  of
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m inera l level#  S im ila r  r e s u l t s  were ob tained  by feed ing  r a t io n s  con­
ta in in g  40 ppm of th e  lab o ra to ry  c h e la ted  m in e ra ls . Hens rec e iv in g
Table XVII 
P igm entation  Means, T r ia l  V
Added Mn, Cu** .0125* EDDHA in  Grams per Ton of Feed
and Zn in  ppm Ethyoxyquin
0 500 700 800 Average
40 2.55 2.85 2.95 2.35 2.55 2.65
20 2.15* 2.80 2.60 2.35 2.00* 2.38
4 2.85 2.50 2.45 2.30* 2.75 2.47
Average 2.35 2.71 2.67 2.33 2.45
* S ig n if ic a n t  from 2.85 a t  th e  .05 le v e l  o f p ro b a b i l i ty .
** M inerals in  T r ia l  V were added in  re g u la r  s a l t  form.
a r a t io n  co n ta in in g  reduced le v e ls  o f m in era ls  or 40 ppm added 
m ineral p lus 800 grams per to n  EDDHA were in c lin e d  to  lo se  w eight 
du ring  t h i s  t r i a l .
Reducing th e  le v e l  of m in e ra ls  from 40 ppm, or adding th e  
c h e la tin g  agen t had no marked e f f e c t  on h a tc h a b i l i ty ,  feed  conver­
s io n , egg s h e l l  th ic k n e s s , or th e  inc idence  of a b n o rm a litie s . Hen 
trea tm e n ts  d id  no t a f f e c t  grow th, feed  conversion , or th e  presence 
of ab n o rm a litie s  in  th e  o ffsp r in g  even though h a l f  th e se  ch icks were 
fed  a r a t io n  which was considered  inadequate  in  t r a c e  e lem ents.
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Table XVIII
P igm entation  Means, T r ia l  V III
Added Mn, 
and Zn in
Cu**
ppm EDDHA In  Grams Per Ton of Feed
0 100 300 500 600 Average
A0 2.03 2.19 2.4 5* 1.98 2.06 2.12
20 2.QA 2.11 2.04. 1.95 2.17 2.06
A 1.88 2.02 1.95 2.48# 1.89 2.04
Average 1.97 2.11 2.14 2.17 2.06
* S ig n if ic a n t  from 2.03 a t  th e  .05 le v e l of p ro b a b il i ty .
** M inerals in  T r ia l  V III were added as re g u la r  s a l t s .
Yolk p igm entation  was in te n s i f ie d  in  eggs produced by 
hens on r a t io n s  co n ta in in g  £0 ppm added ch e la ted  m in e ra ls  and in  
eggs from hens re c e iv in g  EDDHA re g a rd le s s  o f added m inera l le v e l .  
However, eggs produced on r a t io n s  con ta in ing  EDDHA f r e e  ac id  had 
th e  most in te n se  pigment.
Adding EDDHA to  a p r a c t ic a l  b r o i le r  r a t io n  a t  th e  
r a te s  o f 600 and 800 grams per to n  reduced ga in  re g a rd le s s  of min­
e r a l  le v e l .  When fe rro u s  iro n  was added to  th e se  r a t io n s ,  th e  growth 
decrease  was overcome and in  some in s ta n c e s  a r e a l  in c re a se  in  gain  
was reco rd ed . This response to  fe rro u s  iro n  seemed to  invo lve  c e r ta in  
r a t i o s  o f EDDHA and fe r ro u s  iro n .
In  a l l  c a se s , th e  h ig h e s t p igm entation  sco res  were r e ­
corded fo r  ch icks re c e iv in g  EDDHA. However, sk in  p igm entation  response
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Table III
P igm entation  Means, T r ia l  IX
R ation
Com position Pigment
Score
1 B asa l p lus 40 ppm Mn, 40 ppm Cu, 40 ppm 
Cu
2.30
2 R ation  1 p lu s 63 gram s/ton  Fe 1.90*
3 R ation  1 p lu s 126 gram s/ton Fe 2.45
4 R ation  1 p lu s .01556 EDTA 2.40
5 R ation  1 p lu s 200 gram s/ton EDDTA 2.30
6 R ation  5 o lus 16 gram s/ton  Fe 2.35
7 R ation  5 p lu s 32 gram s/ton  Fe 2.35
8 R ation  1 p lus 223 gram s/ton  Fe EDDHA 2.45
9 R ation  1 p lu s 400 gram s/ton EDDHA 2.50
10 R ation  9 p lu s 32 g ram s/ton Fe 2.50
11 R ation  9 p lu s 64 gram s/ton  Fe 2.30
12 R ation  1 p lu s 445 gram s/ton Fe EDDHA 2.75*
13 R ation  1 p lu s 600 gram s/ton EDDHA 1. 30*
H R ation  13 p lu s  47 gram s/ton  Fe 2.50
15 R ation  13 p lus 94 grams/t.on Fe 2.49
16 R ation  1 p lus 668 gram s/ton Fe EDDHA 2.50
17 R ation  1 p lus 800 ram s/ton  EDDHA 2.49
18 R ation  17 p lus 64 grams/t.on Fe 2.70
19 R ation  17 p lu s 126 gram s/ton Fe 2.70
20 R ation  1 p lu s 890 gram s/ton  Fe EDDHA 2.15
* M inerals in  T r ia l  IX were added as re g u la r  s a l t s .
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seemed to  be somewhat in c o n s is te n t  w ith a tendency to  s t a b i l i z e  
when fe rro u s  iro n  was added to  r a t io n s  co n ta in in g  EDDHA. The 
manner in  which t h i s  s t a b i l i z in g  e f f e c t  was accom plished was no t 
e a s i ly  d iscern ed  from th e se  d a ta .
SECTION TWO
PURIFIED RATION STUDIES
The e s s e n t ia ln e s s  of manganese fo r  th e  normal development 
of bone airi th e  p rev en tio n  of p e ro s is  in  th e  chick i s  a  w ell 
e s ta b lis h e d  f a c t  (25# 67, 6 8 ) . G allup and N orris  ( 26 ) rep o rte d  
50 ppm manganese as th e  minimum needed fo r  th e  p rev en tio n  of 
p e ro s is  in  c h ic k s . Greek e t  a l . (13) showed th a t  th e  s e v e r i ty  of 
p e ro t ic  symptoms in  ch icks i s  in flu en ced  by body w eigh t.
The bones of manganese d e f ic ie n t  ch icks a re  re p o rte d  to  
be th ickened  and shortened  w ith a s l i g h t  b u t s ig n i f ic a n t  red u c tio n  
in  bone ash ( lo ) .  Wiese e t  a l . (66) found th a t  bones from manganese 
d e f ic ie n t  ch icks e x h ib ite d  reduced a lk a lin e  phosphatase a c t iv i t y .  
More recen tly #  i t  has been determ ined th a t  th e  m ucopolysaccharide 
co n ten t of ch ick  ep ip h y sea l c a r t i la g e  I s  sev e re ly  reduced as a re ­
s u l t  of manganese d e fic ie n c y  (4 3 ) . However, th e  tru e  m etabolic  
fu n c tio n  of manganese rem ains obscure.
A tru e  z inc  d e fic ie n c y  was f i r s t  rep o rte d  by O 'D ell and 
Savage (5 5 ) . Numerous w orkers have confirm ed th e se  r e s u l t s  show^ 
ing  th a t  z inc  d e f ic ie n c y  in  th e  ch ick  r e s u l t s  in  re ta rd e d  growth, 
abnormal bone developm ent, poor fe a th e r in g , derm atosis  o f th e  
squamous ep ith e liu m  and decreased  e f f ic ie n c y  of feed  u t i l i z a t i o n  
(21 , 52, 53). R e su lts  in  th e se  s tu d ie s  In d ic a te  t h a t  approxim ately  
55 ppm t o t a l  z in c  i s  needed fo r  ch icks fou r weeks of age. Z e ig le r
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rK  (71) in v e s tig a te d  d ie ta ry  f a c to r s  a f fe c t in g  th e  z inc  re q u ire ­
ment o f chicks* R e su lts  o f t h i s  work in d ic a te  t h a t  12-H, ppm 
t o t a l  z inc  i s  adequate fo r  ch icks re c e iv in g  a case in  d i e t .  Re­
p lac in g  ca se in  by i s o la te d  soybean p ro te in  in c reased  th e  zinc 
requ irem ent to  27-29 ppm.
Copper i s  e s s e n t ia l  fo r  th e  proper u t i l i z a t i o n  of iro n  in  
hemoglobin sy n th e s is  (2 2 ,3 2 ,3 3 ) . The d ie ta ry  copper requirem ent 
of ch icks has no t been e s ta b l is h e d . However, T eeke ll (63 ) obtained 
maximum growth w ith a  p u r if ie d  r a t io n  co n ta in in g  45-55 ppm t o t a l  
copper. In c re a s in g  t o t a l  cooper to  65 ppm re s u l te d  in  a s l ig h t  
b u t d e f in i te  decrease  in  growth.
Davis e t  a l .  (19) rep o rte d  th a t  th e  sodium s a l t  o f EDTA 
reduced th e  c h ic k 1s requirem ent fo r  z inc  when is o la te d  soybean 
p ro te in  served as th e  source of p ro te in  in  th e  d i e t .  More re ­
c e n tly , th e se  workers rep o rte d  th a t  i ro n  i s  le s s  a v a i la b le  fo r 
growth, hemoglobin and c e l l  volume o f b lood , when EDTA i s  added 
to  th e  d ie t  than  when th e  d ie t  co n ta in s  no EDTA (1 8 ) . K ra tzer 
and Vohra (37) re p o rte d  growth responses when EDDHA, th io d ip m p io n ic  
a c id , DTPA, e th y le n e b is  (o x y e th y le n e n itr i lo )  t e t r a a c e t ic  a c id , 
and (2-hydroxyethylim ino) d ia c e t ic  a c id  were added to  a z in c - 
d e fic ie n t, d i e t .  However, EDTA proved to  be more a c tiv e  than  o ther 
c h e la te s . T his d if fe re n c e  in  c h e la tin g  a c t iv i t y  was a t t r ib u te d  to  
th e  d if fe re n c e  in  s t a b i l i t y  c o n stan ts  fo r  z in c .
R e su lts  of s tu d ie s  p resen ted  in  S ec tio n  One s tro n g ly  
suggested  th e  e x is te n ce  of in te r r e la t io n s h ip s  invo lv ing  EDDHA and 
one or more added m in e ra ls . The purpose o f th ese  experim ents was
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to  study th ese  phenomena more c r i t i c a l ly *
M a te r ia ls  and Methods
The com position of the  b a s a l  d i e t  used in  t h i s  in v e s tig a t io n  
i s  p resen ted  in  Table XX* This r a t io n  con ta ined  300 ppm iro n , 8 .1  
ppm manganese, 12 ppm copper and 16,5 ppm z in c . The iro n  con ten t 
o f t h i s  r a t io n  was e le v a te d  to  300 ppm in  o rder to  have i t  co inc ide  
w ith  th a t  o f th e  p r a c t ic a l  r a t io n s  used in  p rev ious s tu d ie s .  R ation 
tre a tm e n ts  used in  th e se  experim ents w i l l  be found in  T ables XXI, 
XXII and X X III, I t  w i l l  be noted th a t  a  complete f a c to r a l  a rrange­
ment invo lv ing  manganese, z in c , copper and EDDHA was used in  each 
experim ent. I t  was in tended  th a t  a t o t a l  r a t io n  c o n te n t o f 30 ppm 
of th e se  m inera ls  would re p re se n t  suboptimum le v e l ,  45 ppm optimum 
le v e l ,  and 60 ppm supraoptimum.
Four hund red -e igh ty  s t r a ig h t - r u n  V an tress Cross chicks 
were assigned  to  each t r i a l .  T r ip l ic a te  l o t s  of te n  ch icks were 
a l lo te d  each r a t io n  trea tm en t using  a randorri7,ed b lock  d esig n . The 
ch icks were p laced in  e l e c t r i c a l l y  heated  b a t te r y  b rooders w ith 
r a is e d  w ire f lo o r s  and were su p p lied  w ith experim en ta l d i e t s  and 
w ater ad l ib itu m . The d u ra tio n  of each experim ent was fou r weeks.
At th e  conclu sion  of each experim ent, th e  leg s of th e  chicks 
were examined fo r  th e  inc idence  and s e v e r i ty  of hock enlargm ents 
and th e  inc idence  of p e ro s is .  In d iv id u a l  w eights were recorded  fo r  
a l l  ch icks in c lu d in g  those  th a t  d ied  during  th e  t r i a l .  Feed con­
sumption was recorded  a t  four weeks and ga in  per b ird  day as w ell aa 
feed consumed per day was computed.
Table XII 
P u r i f ie d  Chick R ation
In g re d ie n ts  P e rce n t o f R ation
C ere lo se  51*39
C -l  a ssa y  p ro te in  ( i s o la te d  soybean) 30*00
Jo n e s -F o s te r  S a l t  Mix #12* A .30
Wesson O il 8 .00
C e llu lo se  3*50
G lycine 1.00
M ethionine 1.00
V itam in premix 0 .05
C holine c h lo r id e  0 ,20
V itam in E prem ia 0 .11
100.00
* Jo n e s -F o s te r  S a l t  l lix  #12 w ith o u t F e , Mn, Cu and Zn
V itam in Premix
S u p p lies  th e  fo llo w in g  amounts o f each f a c to r  
per pound o f f in is h e d  r a t io n
V itam in A 80 .0 mg.
V itam in Do 
Vitam in "S
7 .2 mg.
50.0 mg*
V itam in 0 .01 mg.
R ib o fla v in 7 .0 mg.
N iacin 31 .0 mg.
P an to th en ic  a c id H .o mg.
I n o s i to l 450.0 mg.
P ara  aminobenzoic ac id 20 .0 mg.
P y rid o x in s 3 .0 mg.
B io tin 2 .7 mg.
F o lic  ac id 2 .0 mg.
Thiamine HCL 1.4 mg.
Menadione 4*0 mg.
DPPD 10.0 mg.
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Table HI I
Ration Treatments, Trial I
Composition
Basa
Basa p lus
Basa p lu s
Basa p lus
Basa! p lu s
Basa p lu s
Basa p lu s
Basa p lu s
Basa p lus
Basa p lus
Basa p lu s
Basa p lus
Basa p lu s
Basa p lus
Basa plUB
Basa p lus
M inerals were added as llnSO/, CuSO^ and ZnCOo*
In d ic a te s  th e  a d d itio n  o f 800 grains per to n  EDDHA
uTable m il
R ation  Treatm ents) T r ia l  I I
R ation  Com position
1 B asal
2 B asal p lu s EDDHA
3 B asal p lus Mn to  45 ppm t o t a l
U B asal p lu s Mn to  45 ppm t o t a l  p lu s  EDDHA
5 B asal p lus Cu to  45  ppm t o t a l
6 B asal p lus Cu to  45 ppm t o t a l  p lu s  EDDHA
7 B asal p lu s Zn to  45 ppm t o t a l
8 B asal p lus Zn to  45 ppm t o t a l  p lu s EDDHA
9 B asal p lu s Mn and Cu to 45 ppm t o t a l
10 B asal p lu s Mn and Cu to 45 ppm t o t a l  p lus EDDHA
U B asal p lu s Mn and Zn to 45 ppm t o t a l
12 B asal p lus Mn and Zn to 45 ppm t o t a l  p lus EDDHA
13 B asal p lu s Cu and Zn to 45 ppm t o t a l
U B asal p lu s Cu and Zn to 45 ppm t o t a l  p lus EDDHA
15 B asal p lus Mn, Cu and Zn to  45 ppm t o t a l
16 B asal p lu s Mn, Cu and Zn to  45 ppm t o t a l  p lu s EDDHA
* M inerals were added as MnSO#, CuSO^ and ZnCOo*
* *  In d ic a te s  th e  a d d itio n  o f 8o0 grains per ton  EDDHA,
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Table XXIV
R ation  T reatm ents, T r ia l  I I
R a tion  Com position
1 B asal
2 B asal p lu s  EDDHA*
3 B asal p lu s Mn to  60 ppm t o t a l
4 B asal p lu s  Mn to  60 ppm t o t a l  p lu s EDDHA
5 B asal p lus Cu to  60 ppm t o t a l
6 B asal p lu s Cu to  60 ppm t o t a l  p lu s EDDHA
7 B asal p lu s  Zn to  60 p j»  t o t a l
8 B asal p lu s Zn to  60 ppm t o t a l  p lu s  EDDHA
9 B asal p lu s  Mn and Cu to  60 ppm t o t a l
10 B asa l p lu s  Mn and Cu to  60 ppm t o t a l  p lu s EDDHA
11 B asal p lu s Mn and Zn to  60 ppm t o t a l
12 B asal p lu s Mn and Zn to  60 ppm t o t a l  p lu s EDDHA
13 B asal p lu s Cu and Zn to  60 ppm t o t a l
14 B asal p lu s  Cu and Zn to  60 ppm t o t a l  p lu s  EDDHA
15 B asa l p lu s  Mn, Cu and Zn to  60 ppm t o t a l
16 B asal p lu s  Mn, Cu and Zn to  60 ppm t o t a l  p lu s EDDHA
* M inerals were added as MnSO/, CUSO4 and ZnC03«
** In d ic a te s  th e  a d d it io n  o f 800 grains per ton  EDDHA.
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R e su lts  and p iggaggjop  
Growth
The v a rio u s  an a ly ses  of v a ria n ce  of the  d a ta  c o lle c te d  from 
th e se  experim ents may be found in  Appendix B. Mean g a in  and feed 
consumption per b i rd  day as w ell as feed  conversions a re  p resen ted  
in  Tables XXV and XXVI and XXVII,
The a d d it io n  of 800 grains per ton  EDDHA to  t h i s  p u r if ie d  
r a t io n  appeared to  have no ap p re c ia b le  e f f e c t  on grow th. Seemingly, 
t h i s  lack  of e f f e c t  was c o n tra d ic to ry  to  r e s u l t s  ob tained  in  p r a c t ic a l  
r a t io n  s tu d ie s .  I t  seems reasonab le  to  b e lie v e  th a t  th e  ch e la tin g  
agen t i s  capable of e x e rtin g  an in flu e n c e  on m ic ro f lo ra l growth 
through i t s  m eta l-b in d in g  a b i l i t i e s .  The work o f Hutner e t  a l . (34) 
lends credence to  t h i s  rea so n in g . These workers found th a t  EDTA 
was an in v a lu ab le  in g re d ie n t fo r  s t a b i l i z in g  th e  m ineral co n ten t of 
m ic ro b ia l media. I f  i t  may be assumed th a t :  (a) th e  i n t e s t i n a l
m ic ro flo ra  o f ch icks on p u r i f ie d  r a t io n s  d i f f e r s  from th a t  o f those 
on p r a c t ic a l  r a t io n s  and (b) EDDHA was e x e rtin g  i t s  e f f e c t s  on 
growth through th e  i n t e s t i n a l  m ic ro f lo ra , then  th i s  ap p aren t paradox 
in  growth response i s  not too  s u rp r is in g .
In c re a s in g  th e  le v e l  of manganese in  th ese  r a t io n s  to  45 or 
60 ppm re s u l te d  in  a h ig h ly  s ig n i f ic a n t  in c re a se  In grow th. However, 
th e  magnitude of t h i s  in c re a se  was g re a te r  fo r  ch icks re c e iv in g  
r a t io n s  co n ta in in g  45 ppm manganese. These r e s u l t s  In d ic a te  th a t  
45 ppm manganese i s  near optimum fo r  grow th. This led  one to  be­
l ie v e  th a t  th e  c u rre n t requ irem ent o f 50 ppm manganese fo r  th e
Table XXV
Gain and Feed Consumption Per B ird  Day, T r ia l  I
R ations Gain
Grams
Feed
Grams
Feed /
Gain
1 8 Mn, 12 Cu, 16 Zn 13.3 17.7 1.33
2 R ation  1 p lus EDDHA* 13.1 17.8 1.36
3 30 Mn, 12 Cu, 16 Zn 11.2 14.2 1.27
4 R ation  3 p lu s EDDHA 12.2 16.2 1.29
5 8 Mn, 30 Cu, 16 Zn 11.7 15.2 1.30
6 R ation  5 p lus EDDHA 11.3 15.0 1.33
7 8 Mn, 12 Cu, 30 Zn** 13.0 17.2 1.32
8 R ation  7 p lu s EDDHA 13.3 18.1 1.36
9 30 Mn, 30 Cu, 16 Zn 12.1 15.8 1.31
10 R ation  9 p lus EDDHA 12.6 16.8 1.33
11 30 Mn, 12 Cu, 30 Zn 14.7 18.4 1.25
12 R ation  11 p lu s EDDHA U .O 17.5 1.25
13 8 Mn, 30 Cu, 30 Zn 12.5 16.6 1.33
K R ation  13 12.5 16.4 1.31
15 30 Mn, 30 Cu, 30 Zn 12.7 17.3 1.36
16 R ation  15 p lus EDDHA 12.7 17.0 1.35
* Numerals p receding  m in era ls  in d ic a te  ppm.
** EDDHA means 800 grams added EDDHA per ton  o f fee d .
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Table XXVI
Gain and Feed Consumption Per B ird  Day, T ria l I I
R ation  Gain Feed Feed /
Grams Grams Gain
1 B Mn, L? Cu, 16 Zn* 12.7 17.2 1.36
2 R ation  1 p lu s  EDDHA** 13.8 19.2 1.39
3 45 Mn, 12 Cu, 16 Zn 14.7 13.1 1.23
A R ation  3 p lu s  EDDHA U .O 17.9 1.28
5 8 Mn, 45 Cu, 16 Zn 13.3 17.9 1.28
6 R ation  5 p lu s EDDHA 12.7 17.0 1.34
7 8 Mn, 12 Cu, 45 Zn 8 .7 12.5 1.44
8 R ation  7 p lu s  EDDHA 9 .9 14.6 1.47
9 45 Mn, 45 Cu, 16 Zn 15.5 17.8 1.15
10 R ation  9 p lu s  EDDHA 13.9 17.9 1.29
11 45 Mn, 12 Cu, 45 Zn 16.4 20,8 1.27
12 R ation  11 p lu s EDDHA 14.9 18.3 1.26
13 8 Mn, 45 Cu, 45 Zn 14.6 17.9 1.23
U R ation  13 p lu s  EDDHA 14.8 19.2 1.30
15 45 Mn, 45 Cu, 45 Zn 15.5 20.0 1.29
16 R ation  15 p lu s  EDDHA 14.5 17.8 1.23
* Numerals p reced ing  mi 
** EDDHA means 800 grams
n e ra ls  in d ic a te  
EDDHA per ton
ppm. 
of fee d .
Table XXVII
Gain and Feed Consumption Per B ird  Day, T r ia l  I I I
R ation Gain
Grams
Feed
Grams
F eed /
Gain
1 8 Mn, 12 Cu, 16 Zn* 13.0 17.2 1.32
2 R ation  1 p lu s  EDDHA** 12.7 16.4 1.29
3 60 Mn, 12 Cu, 16 Zn 12.9 16.5 1.28
4 R ation  3 p lus EDDHA 13.0 16.9 1.30
5 8 Mn, 60 Cu, 16 Zn 12.3 15.7 1.28
6 R ation  5 p lus EDDHA 11.8 14.5 1.23
7 8 Mn, 12 Cu, 60 Zn 13.0 17.0 1.31
8 R ation  7 p lu s  EDDHA 11.1 14.2 1.28
9 60 Mn, 60 Cu, 16 Zn 13.5 17.0 1.31
10 R ation  9 p lu s  EDDHA 13.1 16.5 1.26
11 60 Mn, 12 Cu, 60 Zn H .2 18.5 1.30
12 R ation  11 p lu s EDDHA 13.5 , 16 .5 1.22
13 8 Mn, 60 Cu, 60 Zn 13.0 17.2 1.32
K R ation  13 p lu s EDDHA 11.9 14.9 1.25
15 60 Mn, 60 Cu, 60 Zn 13.0 16.9 1.30
16 R ation  15 p lu s  EDDHA 13.2 17.6 1.33
* Numerals p receding  m inera ls  in d ic a te  ppm,
** EDDHA means 800 grams EDDHA per to n  o f feed .
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p rev en tio n  o f p e r io s is  in  ch icks i s  approxim ately  optimum fo r  
growth.
In  e v a lu a tin g  th e  r e s u l t s  o f e le v a tin g  copper le v e ls  in  
th e se  r a t io n s ,  i t  was found th a t  30 and 60 ppm s ig n i f ic a n t ly  de­
creased  grow th. Chicks rec e iv in g  r a t io n s  having 45 ppm t o t a l  
copper were comparable t.n th e  b ird s  on th e  b a sa l  r a t io n .  At f i r s t  
g lan ce , i t  appeared th a t  th e se  r e s u l t s  d isag reed  w ith th e  work of 
T eeke!1 in  1953 (6 3 ). However, i t  should be kep t in  mind th a t  
manganese and zinc le v e ls  were v a rie d  in  t h i s  study whereas they  
were a t  f ix ed  le v e ls  in  t r i a l s  conducted by T eek e ll.
When comparing a l l  r a t io n s  co n ta in in g  30 ppm zinc w ith 
th o se  co n ta in in g  th e  b a sa l le v e l o f 16 ppm, a h ig h ly  s ig n i f ic a n t  
in c re a se  in  g a in  per b ird  was no ted . These r e s u l t s  tend to  in d i­
c a te  th a t  th e  optimum le v e l of zinc fo r  growth i s  approxim ately  
30 ppm fo r  ch icks fed t h i s  p a r t ic u la r  p u r if ie d  d i e t .  These re ­
s u l t s  ag ree  w ith th o se  of Z e ig le r  et- a l . (7 1 ).
I t  was in te r e s t in g  to  study th e  d a ta  In  T r ia l  I I  (Table 
XXVI) w ith re s p e c t to  z in c . The o v e r -a l l  e f f e c t  of z inc  le v e ls ,  
which was determ ined by comparing a l l  b ird s  rec e iv in g  45 ppm zinc 
w ith  a l l  ch icks re c e iv in g  16 ppm z in c , was n e g lig ib le .  Yet th e  
h ig h e s t r a t e  of ga in  was ex h ib ited  by b ird s  re c e iv in g  45 PP® zinc  
(R ation  l l ) .  However, th e  low est ga in  was a ls o  e x h ib ited  by b ird s  
re c e iv in g  45 ppm z inc  (R ation 7 ) .  These extremes in  growth r e s ­
ponse to  z inc  le v e ls  were a t t r ib u te d ,  a t  l e a s t  in  p a r t ,  to  th e  wide 
v a r ia t io n  In  feed  consumption. The cause or causes of t h i s
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f lu c tu a t io n  in  feed  consumption were no t e a s i ly  d iscerned* This 
could be in te rp re te d  to  be ano ther in d ic a t io n  of response  of in ­
t e s t i n a l  m ic ro flo ra  to  unfavorab le  m ineral le v e ls .  On th e  o ther 
hand, i t  might be construed  to  imply th a t  t h i s  p a r t ic u la r  combina­
t io n  o f m inera ls  in te r f e r e s  w ith  normal fu n c tio n  o f p h y s io lo g ic a lly  
im portan t enzyme system s.
A nalyses of v a rian ce  o f ga in  d a ta  in  T r ia ls  I  and I I  r e ­
vea led  th e  presence o f  in te r r e la t io n s h ip s  between m in e ra ls . In  
a d d it io n  a s ig n i f ic a n t  in te r a c t io n  between EDDHA and manganese 
i s  shown to  e x i s t .  These d a ta  s tro n g ly  suggested th a t  th e  in te r ­
a c tio n  observed between EDDHA and m inera l in  p r a c t ic a l  r a t io n  stud­
ie s  invo lves manganese.
A h ig h ly  s ig n i f ic a n t  in te r a c t io n  was found to  e x is t  be­
tween manganese and copper a t  th e  45 ppm le v e l  (T r ia l  I I ) .  I f  
th e  o v e r - a l l  mean g a in  was c a lc u la te d  fo r  th o se  ch icks involved 
in  t h i s  in te r r e la t io n s h ip ,  i t  became apparen t th a t  copper le v e l  
was of prime im portance in  producing th e se  i r r e g u la r  growth r e ­
sponses. Copper a ls o  seems to  be th e  main in flu e n c e  in  th e  
in te r a c t io n  between copper and z inc  seen in  T r ia l  I I ,  The h ig h ly  
s ig n i f ic a n t  in te r r e la t io n s h ip  between manganese and z in c , observed 
in  T r ia l  I I ,  was a p p a re n tly  due to  e r r a t i c  growth response  to  
zinc in  th e  p resence of manganese.
The three-w ay in te r a c t io n  invo lv ing  manganese, z inc  and 
copper seen T r ia ls  I  and I I  su ppo rts  th e  r e s u l t s  ob ta ined  in  p r a c t i ­
c a l  r a t io n  s tu d ie s  which in d ic a te d  th e  presence  o f i n te r r e l a t io n ­
sh ip s  between m inera l le v e ls .  Due to  th e  com plexity of t h i s
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in te r a c t io n ,  i t  i s  ex trem ely  d i f f i c u l t  to  d is c e rn  th e  e x ac t n a tu re  
o f t h i s  a c t io n . However, th e  h ig h ly  i r r e g u la r  resp o n ses observed 
in  ch ick s fed  r a t io n s  c o n ta in in g  v a r io u s  le v e ls  o f z in c , s tro n g ly  
suggested  t h a t  z in c  m ight v e ry  w e ll  be th e  prim ary fo rc e  behind  
th e s e  in te r r e l a t io n s h ip s .  O bviously , a d d it io n a l  re se a rc h  on t r a c e  
m in e ra l n u t r i t i o n  i s  needed.
Feed C onversion
With th e  ex cep tio n  of b i r d s  re c e iv in g  r a t io n s  co n ta in in g  
U5 ppm manganese, th e  v a rio u s  r a t io n  tre a tm e n ts  had no s ig n i f ic a n t  
e f f e c t  on fee d  co n v ers io n . The s ig n i f ic a n t  in c re a s e  in  feed  
co nversion  of ch icks re c e iv in g  r a t io n s  c o n ta in in g  U5 ppm manganese 
gave a d d it io n a l  su p p o rt to  th e  p re se n t requ irem en ts  fo r  manganese 
in  th e  d i e t s  o f c h ic k s . These r e s u l t s  lead  one to  b e l ie v e  th a t  
o th e r m in era ls  a re  p robably  invo lved  in  e f f i c i e n t  u t i l i z a t i o n  of 
feed  n u t r ie n ts  by growing p o u ltry .
In c id en ce  o f A bnorm alitie s
A pproxim ately n in e ty  p e rc en t o f th e  ch ick s re c e iv in g  th e  
b a s a l  r a t io n  e x h ib ite d  d ram atic  symptoms of t r a c e  m in e ra l d e f ic ie n c y . 
F or example, bow legs, sho rtened  leg  bones, poor f e a th e r in g  and 
p e ro s is .  A g r e a t  number o f th e se  ch icks tended  to  sq u a t co n tin u ­
ously  w ith  an i n a b i l i t y  to  stand  du rin g  th e  l a t t e r  days o f th e se  
experim en ts. These symptoms w i l l  be recogn ized  as th e  c l a s s i c a l  
symptoms of manganese and z inc  d e f ic ie n c ie s .  The a d d it io n  of 800 
grains per to n  EDDHA to  th o  b a s a l  r a t io n  a l l e v ia te d  th e  leg
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d e fo rm itie s  and poor fe a th e r in g  to  some deg ree , This response  to  
th e  c h e la tin g  agen t ag rees w ith th e  o b se rv a tio n s  of K ra tze r and 
Vnhra (3 7 ), In  t h e i r  work, EDTA proved th e  most a c t iv e  c h e la te  
fo r  in c re a s in g  th e  a v a i la b i l i t y  of z inc  to  tu rk ey  p o u lts .  However, 
th ey  rep o rte d  t h a t  in  order fo r  a complexing agent to  be a c t iv e  In  
th e  u t i l i z a t i o n  of z inc  by p o u lts ,  i t  must have a z in c -c h e la te  
s t a b i l i t y  co n stan t o f 12-17. EDDHA e x h ib ite d  d e f in i te  a b i l i t i e s  
to  enhance z inc  a v a i l a b i l i t y .  I t  i s  thought to  have a z in c - 
c h e la te  s t a b i l i t y  co n stan t of approxim ately  17 a t  th e  pH condi­
t io n s  found in  th e  i n t e s t i n a l  t r a c t  o f p o u ltry . E lle v a tin g  th e  
t o t a l  r a t io n  co n ten t o f manganese seemed to  reduce leg  weakness 
c o n s id e ra b ly . However, a l l  b ird s  fed  r a t io n s  co n ta in in g  th e  b a sa l 
le v e l  of z inc  (16 ppm) fe a th e re d  co n sid erab ly  slower when v is u a l  
comparisons were made w ith  ch icks on r a t io n s  co n ta in in g  30t 4.5 and 
60 ppm t o t a l  z in c .
The occurance of a h igh percen tage  o f v is u a l ly  d is c e rn ib le  
leg  d e fo rm itie s  and poor bone development in  ch icks or r a t io n s  con­
ta in in g  & ppm manganese and 16 ppm z inc  suggested  th a t  th e se  min­
e r a ls  may be involved  in  th e  proper u t i l i z a t i o n  of calcium  and 
phosphorous fo r  normal bone developm ent.
SlfWPr Y
The a d d itio n  of a  c h e la tin g  agen t to  a p u r i f ie d  r a t io n  
d id  no t in flu e n ce  growth or feed conversion  to  th e  e x te n t found 
in  p r a c t ic a l  r a t io n  s tu d ie s . However, a s ig n i f ic a n t  in te r a c t io n  
between EDDHA and manganese was observed in  T r ia l  I I .  This
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u n p red ic ta b le  response  seemed to  be a t t r ib u te d  to  EDDHA ra th e r  than  
manganese lev e l#  A v a i la b i l i ty  of z inc  was improved by th e  a d d itio n  
of th e  c h e la tin g  agen t i f  leg  d e fo rm itie s  and poor fe a th e r in g  were 
used as c r i t e r i a  fo r  judging  response .
In c re a s in g  th e  manganese co n ten t o f th e  r a t io n  to  45 or 60 
ppm produced a p p re c ia b le  in c re a se s  In  grow th. V a ria tio n s  In  copper 
le v e l  seemed to  be in c o n se q u e n tia l. T his was no t to o  su rp r is in g  
i f  one assumed th a t  th e  prim ary fu n c tio n  invo lv ing  copper i s  
hem atopoieses. Of cou rse , a sm all amount o f copper i s  probably  
needed in  enzyme system s in  th e  body, lb  e re  were no pronounced 
e f f e c ts  as a r e s u l t  o f e le v a tin g  th e  z inc  co n ten t of t h i s  r a t io n  
to  45 or 60 ppm. However, a r e a l  improvement in  growth was ob­
served when th e  t o t a l  z inc  co n ten t o f th e  r a t io n  was 30 ppm.
The most pronounced e f f e c t s  observed in  th e se  experim ents 
involved m ineral in te r r e la t io n s h ip s .  Manganese and copper, manga­
nese and z inc  as w e ll as copper and zinc produced e r r a t i c  growth 
r a te s  a t  th e  45 ppm le v e l .  Copper appeared to  p r im a rily  re sp o n s ib le  
fo r  i t s  in te r a c t io n  w ith manganese and z inc  whereas z inc  co n tr ib u te d  
to  th e  u n p red ic ta b le  responses a t  t h i s  le v e l  of manganese. D elin­
e a tio n  o f th e  f a c to r s  involved in  a th ree-w ay in te r r e la t io n s h ip  
between manganese, copper and z in c  i s  p r a c t i c a l ly  im possib le  a t  
t h i s  tim e . However, th e  h ig h ly  i r r e g u la r  responses fo r  z inc  a t  
th e  45 ppm le v e l  suggested  th a t  t h i s  m inera l could be th e  prime 
cause o f th is  complex in te r a c t io n .  Most o f th e  in te r a c t io n s  be­
tween m inera ls  and c h e la tin g  agen t occured a t  th e  45 ppm t o t a l  
r a t io n  c o n te n t.
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These s tu d ie s  s tro n g ly  suggest t h a t  fu tu re  e v a lu a tio n s  
o f t r a c e  m ineral le v e ls  should invo lve  as many in flu e n c in g  e le ­
ments as p o ss ib le  in  order to  e lu c id a te  some of th e  com plex ities  
invo lved  in  t r a c e  m ineral n u t r i t i o n .  A d d itio n a l s tu d ie s  a re  
in d ic a te d  to  determ ine th e  e f f e c ts  of EDDHA on t r a c e  m ineral 
u t i l i z a t i o n .
SECTION THREE
METABOLISM STUDIES
B thylenediam ine d i ( o-hydr oxyphenylacetic  a c id ) ,  EDDHA, 
has been dem onstrated  to  e x e r t  profound p h y s io lo g ic a l e f f e c t  by 
prom oting growth r a t e  and in te n s i f i c a t io n  o f sk in  p igm entation . 
There was no l i t e r a t u r e  a v a ila b le  which would in d ic a te  th e  pos­
s ib le  m etabolic  f a t e  of t h i s  compound. T h ere fo re , i t  seemed 
a d v isa b le  to  conduct a s e r ie s  o f s tu d ie s  to  ga in  in s ig h t  in to  
th e  p h y s io lo g ic a l responses r e la te d  to  t h i s  c h e la tin g  a g en t.
The a p p lic a t io n  of t r a c e r  techn iques appeared to  p resen t 
c e r ta in  advantages over th e  conven tiona l methods o f b io lo g ic a l  
response  or e x tra c t io n  c o n ce n tra tio n  tec h n iq u e s . A co lo rm etric  
method fo r  th e  d e te rm in a tio n  of EDDHA was developed and used in  
p rev io u s ly  conducted r e te n t io n  s tu d ie s .  However, i t  was found 
th a t  th e  s e n s i t iv i t y  of t h i s  method lim ite d  i t s  use to  m a te r ia ls  
which c o n ta in  a minimum of 100 ppm EDDHA ( 4 l f 49)* Due to  th e  
m olecular s t r u c tu r e  o f EDDHA, th e  obvious is o to p ic  t r a c e r  to  
use in  t h i s  in v e s tig a t io n  was carbon-14. I s o to p ic a l ly  lab e led  
EDDHA was ob tained  which con ta ined  in  each of i t s  caroxy l 
groups. The m eta l-b in d in g  c h a r a c te r i s t i c s  of t h i s  c h e la tin g  
agen t suggested th e  in c lu s io n  o f i r o n - 59 and copper-64.
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In  1963 Darwish and K ra tze r (15) s tu d ied  th e  r o le  of 
EDTA in  in c re a s in g  z in c  a v a i la b i l i t y  to  hens. Using EDTA-2-C^ 
and Zn^*, i t  was determ ined th a t  chickens absorbed 4 5-47?6 of 
o ra l ly  ad m in iste red  EDTA-2-C^. EDTA was m etabolized as in d ic a te d  
by recovery  of 4 .6 ,  5 .4  and 4.256 o f adm in istered  in  r e s p i r a ­
to ry  C02* T o ta l recovered  in  th e  u rin e  was 5 .3 , 10.9 and 
8,6% fo r  EDTA. Zinc-6 5  as w ell a s  a c t iv i t y  was d e te c ted  in  
b lood , u r in e , and v a rio u s  o rgans. Carbon-14 was a ls o  found in  
l iv e r  f a t  and u r in a ry  u r ic  ac id  (1 5 ).
S im ila r in fo rm atio n  was needed fo r  EDDHA. This in v e s t i ­
g a tio n  was designed fo r  th e  purpose of* (a) determ ining i n t e s t i ­
n a l  ab so rp tio n  o f EDDHA, and (b) in v e s tig a t in g  th e  m etabolic  f a te  
o f t h i s  c h e la tin g  a g en t.
M a te r ia ls  and Methods
Twenty V an tress  Cross ch icks were th e  b ird s  o f choice in  
th e se  s tu d ie s .  At approxim ately  th re e  weeks of age, th e  r e c ta  of 
th e se  ch icks were e x te r io r iz e d  to  f a c i l i t a t e  se p a ra te  c o lle c t io n  
of u rin e  and fe c e s . S u rg ic a l tech n iq u es used were s im ila r  to  
th o se  describ ed  by R ichardson in  1959 (57 ). A fte r su rg e ry , th e  
ch icks were placed in  in d iv id u a l m etabolism  cages and allowed 
approxim ately  one week fo r  reco v ery .
A p r a c t ic a l  type  b r o i le r  r a t io n  (Table I )  was u t i l i z e d  
th roughout th e se  s tu d ie s  except fo r  ch icks used fo r  F e ^  EDDHA-C^1 
In v e s t ig a tio n s .  The ch icks on iro n  c h e la te  s tu d ie s  were given a 
p u r i f ie d  r a t io n  which had been p rev io u s ly  t r e a te d  w ith EDTA to
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reduce i t s  iro n  c o n te n t. Feed and w ater were su p p lied  a£ l ib i tu m .
Three ch ick s  re c e iv in g  th e  p r a c t i c a l  r a t io n  c o n ta in in g  800 
g ran s per ton  EDDHA were used to  c o l l e c t  fe c e s  and u r in e  fo r  chem ical 
t e s t s .  Q u a n tita t iv e  feed  consum ption was reco rded  fo r  th e  th re e  day 
t r i a l  p e rio d . F eces and u r in e  were c o l le c te d  q u a n t i t a t iv e ly  and 
t o t a l  amounts re c o rd e d . U rine and fe c e s  samples fo r  a l l  b ird s  
were pooled and th o ro u g h ly  mixed. The fec es  was d r ie d  in  a 
fo rced  d r a f t  oven and ground to  a d u s t - l ik e  c o n s is te n c y . Chemical 
d e te rm in a tio n s  of EDDHA were made on fee d , fe c e s  and u r in e  using  
th e  c o lo r im e tr ic  method d e sc rib e d  by M iles (5 0 ). The p e rc en t 
EDDHA recovered  in  th e  u r in e  and fec es  was computed.
The c a rb o n -14 lab e le d  c h e la tin g  agen t used in  th e s e  in ­
v e s t ig a t io n s  co n ta in ed  a s p e c i f ic  a c t i v i t y  of 2 .94 m ic ro cu rie s  per 
m illig ra m . In  p rep a rin g  th e  EDDHA-C^ stock  s o lu t io n ,  72 mg. o f 
th e  i s o to p ic a l ly  la b e le d  EDDHA was d is so lv e d  in  1 ml. o f In  NaOH, 
th e  pH a d ju s te d  to  7 , and d i lu te d  to  25 ml. w ith  d i s t i l l e d  w ater.
To o b ta in  th e  i ro n  c h e la te ,  72 mg. of EDDHA-C^ was d is so lv e d  in  
]. ml. of IN NaOH, 3 m l. o f an iro n -5 9  s o lu t io n  was added slow ly 
w ith  s t i r r i n g ,  th e  pH a d ju s te d  to  7 , and d i lu te d  to  25 m l. w ith 
d i s t i l l e d  w a te r. The copper c h e la te  o f EDDHA was p rep a red  in  a  
s im ila r  manner u sin g  C u ^  and EDDHA-C^. The r a d io a c t iv e  m a te r ia ls  
were a d m in is te red  o r a l ly  by p ip e t  w ith  th e  t o t a l  a c t i v i t y  per dose 
be ing  64 m ic ro cu rie s  due to  ca rb o n -34, 4*1 m ic ro cu rie s  due to  iro n -  
59 and 1 m i l l ic u r ie  o f copper-64 . F iv e  s e p a ra te  s tu d ie s  were con­
ducted* (a) f iv e  ch ick s  rec e iv e d  EDDHA-C^, (b) th re e  ch ick s were 
g iven  F e ^  EDDHA-C^, (c) Iro n -5 9  was ad m in is te red  to  th re e  b i r d s ,
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(d) th re e  b ird s  re c e iv e d  Cu^EDDHA-C^, and (e) Copper-64- was given 
to  th re e  ch ic k s . One chick  from each t e s t  except th o se  re c e iv in g  
copper-64 compounds were removed from t e s t  a t  e ig h t h o u rs . The 
rem ainder o f th e  b i rd s  in c lu d in g  C u ^  b ird s  were on experim ent fo r  
seven teen  ho u rs .
A ll ch icks were s a c r i f ic e d  a t  th e  end of t h e i r  t e s t  p e riods 
and th e  fo llow ing  samples taken* g izz a rd  c o n te n ts , g izz a rd  l in in g , 
l i v e r ,  sp leen , g a l l  b ladder w ith c o n te n ts , k idney , w h ite  m uscle, 
duodenum, p ro v e n tr ic u iu s , lung , dark m uscle, and sk in . The emis­
s io n  of gamma ray s by iron -59  and copper-64  made p o s s ib le  th e  use 
of a w e ll- ty p e  s c i n t i l l a t i o n  counter fo r  determ ining  th e  a c t iv i ty  
o f samples c o n ta in in g  th e se  m a te r ia ls .  Samples of t i s s u e s  co n ta in ­
ing carbon- 14 were combusted using techn iques and a p p ara tu s  recom­
mended by Sm ith, Ludwig and W right ( 6 l ) .  The carbon d io x id e  
c o lle c te d  from th e se  combustions was absorbed in to  a  s c i n t i l l a t i o n  
f lu id  co n ta in in g  2 , 5-d iphenyloxazole  (PPO), 1 ,4-biB  (5 -pheny l-2 - 
oxazo ly l)-benzene (POPOP), to lu en e  and m ethyl c e llu so lv e  ( 6 l ) .  The 
carb o n -14 a c t iv i t y  was then  determ ined using  a Packard T ri-C arb 
S c in t i l l a t io n  C ounter. Records were k ep t on carbon-14, iro n -5 9  and 
copper-6 4  a c t iv i t y  o f each sample and th e  p e rc en t of doge computed 
fo r  each sample. The u r in e  and fec es  q u a n t i ta t iv e ly  c o lle c te d  fo r  
each group was d i lu te d  w ith w ater and re p re s e n ta t iv e  samples of each 
were used to  determ ine  r a d io a c t iv i ty  of each iso to p e  p re s e n t .  The 
p e rcen t of dose recovered  in  u r in e  and feces  was th en  computed.
In  order to  determ ine i f  carbon -14 would be e lim in a ted  as 
r e s p i ra to ry  carbon d io x id e , a four week old ch ick  was g iven  a dose
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o f EDDHA-C^- having  a t o t a l  a c t i v i t y  o f 73 m ic ro c u rie s . Thia ch ick  
was th e n  p laced  in  an a p p ara tu s  designed  to  c o l l e c t  r e s p i r a to r y  
carbon d io x id e . The carbon d io x id e  was c o l le c te d  in  IN NaOH as 
sodium c a rb o n a te . The sodium hydroxide s o lu t io n  was changed 
every  two hours fo r  a  p e rio d  of e ig h tee n  hours . A fte r  d ry in g , 
th e  r e s id u a l  m a te r ia l  was combusted and c a rb o n -14 a c t i v i t y  determ ined 
fo r  each two hour p e r io d . The p e rc en t o f dose l o s t  th rough  r e s p i r a ­
t io n  was determ ined .
R e su lts  and, D iscu ss io n
The a b so rp tio n  d a ta  c o lle c te d  in  th e s e  in v e s t ig a t io n s  a re  
p re se n te d  in  T able XXVTII, The p e rc e n t o f c h e la t in g  agen t in  th e  
fe c e s  of ch ick s re c e iv in g  EDDHA f re e  ac id  was e s s e n t ia l l y  th e  same 
fo r  bo th  methods o f a n a ly s is .  The chem ical method used fo r  th e  
d e te rm in a tio n  of EDDHA was an in d i r e c t  method (41)* The r e s u l t s  
o b ta in ed  u sin g  t h i s  method were dependent upon th e  p resen ce  of th e  
i n t a c t  c h e la te  m olecule which i s  re q u ire d  fo r  th e  fo rm ation  of th e  
f e r r i c  c h e la te  a n io n . The c o lo r  produced by t h i s  an ion  i s  r e l a t i v e ly  
s ta b le  and may be used to  determ ine  th e  amount of EDDHA in v o lv ed . 
T h e re fo re , i f  th e  c h e la t in g  compound was su b je c te d  to  a p p re c ia b le  
d e g ra d a tio n  in  th e  i n t e s t i n a l  t r a c t ,  th e  carbon-L4 r e s u l t s  would be 
expected  to  be co n s id e ra b ly  h ig h e r . In  view o f th e  f a c t  t h a t  no r e a l  
d i f f e r e n c e s  e x is te d  between th e  two methods of d e te rm in a tio n , i t  
seemed rea so n a b le  to  conclude th a t  no a p p re c ia b le  d e g ra d a tio n  of 
EDDHA took p lac e  In  th e  g a s t r o in t e s t i n a l  t r a c t  o f th e s e  c h ic k s .
Table XXVIII 
A bsorption
Compound A nalysis P ercen t in  
Feces
Apparent
A bsorption
P ercen t in  
Urine
P ercen t
Recovery
EDDHA Chemical 73.7 26.3 3.58 77.28
EDDHA 73.8 26 .2 4 .74 78.54
EDDHA-C14** c u 39.7 60.3 3.25 42.95
Fe5<^ 5DDHA-CL+* c u 76.8 23.2 6.20 83.00
Fe^^EDDHA-C Fe59 51.3 48 .7 5.20 56.50
Fe59EDDHA-C3^ Fe59 65.4 34.6 2.41 67.80
F e59Cl3* Fe^9 54.8 45.2 3.52 58.32
Fe59Cl3** Fe^9 56.8 43.2 1.88 58.63
CtA edDHA-C1^* c 1^ 67.4 32.6 12.20 79.60
Cu * 4 d DHA-CV** CvM 49.4 50.6 .24 49.60
Cu'^K03* Cu^ 54.5 45.5 .31 54.81
* In d ic a te s  a seventeen hour c o lle c t io n  p e rio d ,
** In d ic a te s  an e ig h t hour c o lle c t io n  p e riod .
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I t  appeared th a t  th e  EDDHA-C^ chicks s a c r i f ic e d  a t  e ig h t  
hours absorbed more of th e  c h e la tin g  agent than  those  rem aining on 
experim ent fo r  seventeen  ho u rs . However, comparing th e  chicks th a t  
were adm in istered  Fe^EDDHA-C^ and F e ^ C l^ ,  i t  appeared th a t  both 
th e  c h e la tin g  agent and th e  c h e la ted  iro n  moved through th e  d iges­
t iv e  t r a c t  a t  a slower r a te  th an  d id  th e  i r o n - 59 c h lo r id e . This 
slower movement could a c c o u n t  fo r th e  h igher a c t iv i t y  d e te c te d  in  
c e r ta in  t is s u e s  of th e  e ig h t  hour b i rd s .
The b ird s  re c e iv in g  ra d io a c tiv e  iro n  or copper c h e la te s  
excre ted  d is p ro p o r tio n s !  q u a n t i t ie s  of carbon-14 and m eta l. This 
suggested  th a t  th e  m e ta l-c h e la te  complexes involv ing  EDDHA, iro n  
or copper were d is ru p te d . There were two p o ss ib le  e x p lan a tio n s  
fo r  t h i s  apparen t d is ru p tio n  of th e  c h e la te  complex: (a) th e
c h e la tio n  complex of EDDHA was broken when pH i s  below 4 , and 
(b) an a c tiv e  ab so rp tio n  mechanism was p resen t in  th e  i n t e s t i n a l  
trac t- which had the  a b i l i t y  to  overcome th e  fo rces  of a t t r a c t io n  
between EDDHA and th e  m eta l. Although th e  iro n -c h e la te  complex 
appeared to  be d is ru p te d  to  some e x te n t,  th e se  r e s u l t s  in d ic a te d  
th a t  th e  co p p er-ch e la te  complex was broken to  a much g re a te r  ex­
t e n t .  The ab so rp tio n  d a ta  in d ic a te d  th a t  th e  iro n  c h e la te  was 
no t broken to  any ap p re c ia b le  e x te n t in  th e  d ig e s tiv e  t r a c t .  How­
e v e r, copper d a ta  rev ea led  th a t  d e f in i te  d is ru p tio n  of th e  copper- 
c h e la te  complex took p lace  in  th e  i n t e s t i n a l  t r a c t .  Because of th e  
h ig h e r s t a b i l i t y  co n stan t o f th e  i ro n -c h e la te  complex, th e  copper 
from th e  copper c h e la te  would be expected to  be more l a b i l e .
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The u r in a ry  e x c re tio n  of th e  c h e la tin g  agen t as determ ined 
by th e  is o to p ic  la b e l  techn ique  agreed c lo s e ly  w ith  th e  r e s u l t s  
o f chem ical m ethods. A gain, t h i s  may be in te r p r e te d  to  mean th a t  
an a p p re c ia b le  amount of th e  c h e la tin g  agen t i s  ex c re te d  as th e  
i n t a c t  m olecule of EDDHA. However, the  u r in a ry  e x c re tio n  of carbon- 
IA was somewhat h ig h e r in  ch icks g iven  th e  f e r r i c  c h e la te  of EDDHA. 
Those ad m in iste red  th e  r a d io a c t iv e  copper c h e la te  e x h ib ite d  much 
h ig h er c a rb o n -14 a c t iv i t y  in  th e  u rine*  These r e s u l t s  do no t 
perm it one to  determ ine  i f  t h i s  c a rb o n -14 i s  co n ta in ed  in  th e  che­
l a t e  m olecule or d e g ra d a tio n  p roducts  of EDDHA. Seem ingly, th e se  
d a ta  suggested  th a t  th e  EDDHA a d m in is te red  as th e  iro n  or copper 
c h e la te  was more s u s c e p t ib le  to  d e g ra d a tio n .
The n e g lig ib le  amounts o f  copper ex c re ted  in  th e  u r 'n e  o f  
th e se  ch icks s tro n g ly  suggested  th a t  th e  u r in e  was n o t an im portan t 
e x c re to ry  ro u te  fo r  copper. However, t h i s  was no t t r u e  fo r  i ro n .
The amount of i ro n  e x c re te d  by th e s e  ch ick s c o n tra d ic te d  th e  p re s e n tly  
accep ted  th e o r ie s  on iro n  e x c re tio n . According to  Underwood (6 3 ), 
i f  i ro n  i s  e x c re te d  in  any manner, i t  would no t be expected  in  
th e  u r in e  excep t in  n e g lig ib le  amounts.
T issue  a n a ly se s  f o r  ca rb o n -14 from EDEHA-C^ may be found 
in  Table XXIX. I f  a p p re c ia b le  m etabolism  of th e  c h e la t in g  agent 
had tak en  p lace  in  th e  l i v e r ,  th e  l iv e r  c o n te n t would have been 
expected  to  drop from e ig h t  to  seven teen  h o u rs . T h e re fo re , i t  i s  
f e l t  t h a t  th e  m etabolism  of EDEHA by th e  l i v e r ,  i f  i t  occurs a t  a l l ,  
i s  t r a n s i to r y  in  n a tu r e .  The m agnitude of carbon-L4 a c t i v i t y  in  
th e  kidney a t  e ig h t  hours was g r e a te r  than  was observed a t  seventeen
uhours*
The most in te r e s t in g  a sp e c t of th e s e  d a ta  i s  th e  compara­
t i v e l y  high  a c t i v i t y  found in  th e  g iz z a rd  l in in g .  T his a c t iv i t y  
suggested  t h a t  th e  c h e la tin g  ag en t i s  be ing  absorbed th rough  t h i s  
membrane. C onsiderab le  c a re  was tak en  to  p ro p erly  c le an  t h i s  mem­
b ran e . T h ere fo re , i t  seems p robab le  t h a t  t h i s  h igh  a c t i v i t y  was 
n o t due to  a b so rp tio n  of th e se  su b s tan ces  on th e  su rfa c e  o f t h i s  
membrane.
Table XXX c o n ta in s  th e  r e s u l t s  o f t i s s u e  an a ly se s  fo r  
from Fe59EDEHA-C1^ . The c a rb o n -H  a c t i v i t y  in  alm ost a l l  t i s s u e s  
was g r e a t ly  m agnified  a t  e ig h t  h o u rs . The l iv e r  and k idney  co n ten t 
was h igh  a t  e ig h t  and g r e a t ly  reduced  a t  seven teen  h o u rs . The g a l l  
b lad d e r c o n te n t in c re a sed  s ig n i f i c a n t ly  a t  seven teen  hours in d i­
c a tin g  th e  p o s s ib le  e x c re tio n  of th e  c h e la t in g  agen t or i t s  degrada­
t io n  p roducts  through  th e  b i l e .  However, as  suggested  by th e  
a b so rp tio n  d a ta  (T able XXVIII) ,  th e  r a t e  of movement of th e  iro n  
c h e la te  through th e  i n t e s t i n a l  t r a c t  i s  much slower th an  th a t  of 
th e  EDEKA. Most o f th e  d if fe re n c e  in  a c t i v i t y  a t  e ig h t  and seven­
te e n  hours i s  a t t r ib u te d  to  t h i s  d i f f e r e n t i a l  r a t e  o f movement.
As observed in  ch ick s  re c e iv in g  th e  f r e e  c h e la tin g  a g e n t, th e  
a c t i v i t y  of th e  g iz z a rd  l in in g  i s  s e v e ra l  tim es g r e a te r  th an  th a t  
of th e  g iz z a rd  c o n te n ts . These r e s u l t s  g iv e  a d d it io n a l  su p p o rt to  
th e  th e o ry  th a t  a b so rp tio n  does tak e  p lac e  in  th e  g iz z a rd . Ob­
v io u s ly , t h i s  could  n o t be ex p la in ed  a s  sim ple a b so rp tio n  as th e  
c o n c e n tra tio n  g ra d ie n t  fa v o rs  movement from th e  g iz z a rd  l in in g  to  
th e  g iz z a rd  c o n te n ts . I t  was f e l t  t h a t  t h i s  a b so rp tio n , i f  i t
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Table XXII
T issu e  A nalyses fo r  C^ 1 From EDDHA-C^
T issue
P e rcen t of Dose Times 10-3
8 h r s . 17 h r s . S tandard
E rro r
Skin* 1.22 .62 .07
W hite Muscle* .50 .83 .20
Dark Muscle* .81 .90 .10
L iver** 38.10 35.82 2.57
G izzard  Muscle** 10.15 1.54
G izzard Contents** 25.86 6.32
G izzard  L ining** 63.62 7.80
Lung** 2.10 4 .2 4 .89
Kidney** 23.20 11.31 1.86
Duodenum*** 28.70 8.63 1.00
S m all In te s tin e * * * 13.77 2.91
Spleen** .95 .87 .06
Pr oven tr i  cuius** 1.90 8 .16 1.00
G a ll B ladder** 13.20
* I n d ic a te s  1 gram sam ple.
** In d ic a te s  t o t a l  organ was tak en  as sam ple.
*** In d ic a te s  t h a t  2 inch  s e c t io n  was tak e n .
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o c cu rs , involved  some dynamic mechanism capab le  of t r a n s p o r t in g  ions 
a g a in s t  t h i s  c o n c e n tra tio n  g ra d ie n t .
T issue  an a ly se s  fo r  Fe-^  from ra d io a c t iv e  f e r r i c  c h lo r id e  
and FeEDDHA a re  p resen ted  in  T ables XXXI and XXXII. The m agnitude 
o f Fe^9 a c t iv i t y  was h ig h e r in  b i r d s  re c e iv in g  f e r r i c  c h lo r id e . 
However, th e  p a t te rn  of t i s s u e  d i s t r ib u t io n  was q u i te  s im ila r  ex- 
e ep t fo r  th e  g a l l  b la d d e r . I t  was i n te r e s t in g  to  no te  t h a t  Fe^9 
and C-^ a c t iv i t y  was h ig h e r when th e  iro n  c h e la te  was ad m in is te red  
to  c h ic k s . T his in c re a s e  in  g a l l  b lad d e r a c t i v i t y  ten d s  to  in d i ­
c a te  t h a t  th e  i ro n -c h e la te  complex was be ing  ex c re ted  in  th e  b i l e .  
O bviously , th e  ca rb o n -14 a c t iv i t y  wa3 no t s u f f i c i e n t  to  account 
fo r  a l l  th e  iro n  a c t iv i t y  found in  th e  g a l l  b la d d e r . I f  one a s­
sumed th a t  th e  iro n  a c t iv i t y  found in  th e  g a l l  b la d d e rs  of ch icks 
on f e r r i c  c h lo r id e  was normal and th a t  th e  carbon-14 p re s e n t  was 
invo lved  in  an i r o n - c h e la te  complex, an a p p re c ia b le  q u a n ti ty  of 
i ro n  a c t iv i t y  rem ains to  be ex p la in e d . I t  i s  f e l t  t h a t  t h i s  
excess i ro n  a c t iv i t y  came about by some in d is c e rn ib le  in f lu e n c e  
e x e rted  by th e  i ro n  c h e la te .
T issue  an a ly se s  fo r  carb o n -14 and copper-6 4  from Cu^EDDHA-C^ 
and Cu^NO^ may be found in  T ables XXXIII, XXXIV, and XXXV. I t  ap- 
peared  t h a t  ca rb o n -14 and copper-6 4  r a t i o  was q u i te  d i f f e r e n t  than  
was observed in  th e  iro n  c h e la te  s tu d y . T his suggested  t h a t  th e  
copper c h e la te  was more r e a d i ly  broken th an  th e  i ro n  c h e la te .  Ifce 
d if f e r e n c e  in  th e  s t a b i l i t y  c o n s ta n ts  o f iro n  and copper c h e la te s  
o f EDEHA im p lies  t h a t  copper would be expected  to  be more lo o se ly  
bound th an  iro n .
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Table XXX
T issue  A nalyses fo r  C14 From F e59EDDHA-CL^
T issu e s
P e rce n t of Dose Times 10-3
8 h r s . 17 h r s .
S tandard
E rro r
Skin* 25.00 .76 .22
W hite Muscle* 25.33 .47 .38
Dark Muscle* 26.48 .31 .05
Liver** 400.75 29.00 2.73
G izzard  Muscle ** 321.62 20.00 2.59
G izzard  C ontents** 243.57 40 .81 12.11
G izzard  Lining** 92.75 79.99 6.03
Lung** 68.92 3.23 .96
Kidney** 168.85 12.08 1.80
Duodenum*** 82.04 23.22 4 .90
Spleen** 23.06 13.41 4.73
Pr oventr icu lus** 118.04 6.76 15.82
G all B ladder** 22.35 68.25 3.43
* In d ic a te s  1 gram sample*
** In d ic a te s  t h a t  com plete organ was tak en  as sam ple,
*** In d ic a te s  t h a t  2 inch s e c t io n  was taken  a s  sam ple.
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T able XXXI
T issue  A nalyses For F e ^  From Fe^EDEHA-C^
T issu es
P e rce n t o f  Dose Times 10-3
8 hrs* 17 h r s . S tandard
E rro r
Skin* 23.94 3 .49 .84
W hite Muscle* 5.00 1.07 . U
Dark Muscle* 8.43 3 .5 0 .92
L iver** 2912.51 269.97 46.56
G izzard  Muscle** 801.95 41.13 1.18
G izzard  C ontents** 42 .26 30.43 11.09
G izzard  L ining** 111.42 42.64 5.66
Lung** 383.82 7.05 .3 6
Kidney** 397.57 47 .3? 2.24
Duodenum*** 231.25 43.37 15.04
Spleen** 54.65 7 .61 .94
P ro v e n tric u lu s* * 155.72 37.66 13.98
G a ll B ladder** 27.04 112.85 16.93
* In d ic a te s  1 gram sample*
** In d ic a te s  t h a t  com plete organ was tak en  as sample*
*** In d ic a te s  t h a t  2 inch  s e c t io n  was tak en  as sample*
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Table XXXII
T issue  A nalyses For F e ^  From F e^C l-j
T issu es
P e rcen t o f Dose Times 10-3
8 h r s . 17 h r s . S tandard
E rro r
Skin* 3.86 7.55 .58
W hite Muscle* ,75 1.86 .06
Dark Muscle* 1.48 3 .21 .71
Liver** 115.64 416.82 126.08
G izzard Muscle* 67.23 54.33 6 .2 8
G izzard Contents* 134.67 13.65 2.34
G izzard Lining* 271.18 30.99 2.35
Lung** 81.03 95,14 21.03
Kidney** 53.83 121.54 24.58
Duodenum*** 318.33 38.87 4 .96
Spleen** 4 .85 20.82 3.55
Pr o v e n tr i cuius** 143.02 15.91 4 .34
G all Bladder** 1.58 2.58 .66
* In d ic a te s  1 gram sample.
** In d ic a te s  com plete organ was taken  as sample.
*** In d ic a te s  2 inch se c tio n  was taken  as sample.
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According to  c u rre n t l i t e r a t u r e  on copper m etabolism , i t  
i s  thought t h a t  copper i s  s to re d  in  th e  parenchyml c e l l s  of th e  
l iv e r  and k idney. The copper-64  a c t iv i ty  o f th e  l iv e r s  in  th ese  
ch icks in d ic a te d  th a t  copper was being  concen tra ted  in  t h i s  organ. 
However, th e re  was no in d ic a tio n  o f a r e a l  b u ild -u p  in  th e  kidney. 
C h e la tio n  e f f e c ts  on copper m etabolism appeared to  be n e g lig ib le .
As was observed in  th e  EDDHA-C-  ^ d a ta , th e re  was an 
in te n se  c o n ce n tra tio n  o f carbon- 14 and copper-64  in  th e  g izzard  
l in in g .  Seemingly, th e  g izzard  l in in g  i s  more im portan t as a 
point, of a b so rp tio n  than  has been p rev io u s ly  recogn ized . I t  
would appear th a t  th e  pH co n d itio n s  found in  th e  g izz a rd  i s  
more conducive to  t r a c e  m ineral a b so rp tio n  than  th a t  found in  
th e  lower p o rtio n  of th e  d ig e s tiv e  t r a c t .  Most, re sea rch  workers 
b e lie v e  th a t  th e  b i l e  i s  th e  prim ary ro u te  fo r  e x c re tio n  of copper. 
The copper-64  a c t i v i t y  in  th e  g a l l  b lad d e rs  o f th e se  ch icks 
s tro n g ly  supported t h i s  th eo ry .
There was c o n s is te n t evidence throughout, th e se  d a ta  th a t  
EDDHA was m etabolized by th ese  c h ic k s . The metabolism of th e  che­
la t in g  agent was confirm ed by th e  presence of carbon- 14 a c t iv i ty  
found in  th e  r e s p i ra to ry  carbon d io x id e . The r e s u l t s  o f r e s p ira to ry  
carbon d iox ide  an a ly ses may be found in  Table XXVI. It. i s  i n te r e s t ­
ing  to  no te  th a t  EDDHA metabolism s ta r te d  alm ost im m ediately as in ­
d ic a te d  by th e  presence of carbon-14 a c t iv i t y  in  th e  r e s p ira to ry  
gases at. two ho u rs . These r e s u l t s  a re  in  agreement w ith  th e  r e s u l t s  
rep o rte d  by Darwish and K ra tzer in  1963 (1 5 ). These workers found 
th a t  hens were ab le  to  m etabolize  EDTA r e a d i ly .  EDDHA and EDTA
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T able XXXIII
T issue  A nalyses For From Cu^EDDHA-C^
P e rce n t o f  Dose Times 10-3
T issu e s  17 hrs*  S tandard
E rro r
Skin# 45*03 6.42
W hite Muscle* 34*65 1.56
Dark Muscle* 37,97 .65
Liver** 627.53 10.61
G izzard  Muscle** 664.38 15.76
G izzard C ontents** 337.52 10.64
G izzard L ining** 444.39 14.65
Lung** 159.91 1.98
Kidney** 228.77 22.87
Duodenum*** 203.23 61.84
Spleen** 37.63 3 .86
P ro v e n tr ic u lu s* * 144.00 3 .00
G all B ladder** 31.96 3.48
* In d ic a te s  1 gram sample*
** In d ic a te s  com plete organ was taken  as sample*
*** In d ic a te s  2 inch s e c tio n  was tak en  as sample*
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Table XXHV
T issu e  A nalyses Fnr C u ^  From Cu^EDDHA-C-^
T issu es
P e rce n t 
17 h r s .
o f Dose Times 10-3
S tandard
E rro r
Skin* 2 .00 .56
W hite Muscle* .42 .06
Dark Muscle* .68 .11
L iver** 1417.76 107.00
G izzard  Muscle** 117.59 13.11
G izzard  C ontents** 469.15 5.86
G izzard  Lining** 3016.66 242.01
Lung** 5.24 .07
Kidney** 68.34 8 .87
Duodenum*** 133.49 11.60
Spleen** 1.62 .25
Pr oventr icu lu s* * 2 8 .U .83
G a ll Bladder** 26.68 .90
* In d ic a te s  1 gram sam ple.
** In d ic a te s  com plete organ was tak en  as sam ple.
*** In d ic a te s  2 inch s e c tio n  was tak en  as sam ple.
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Table XXXV
T issu e  A nalyses For C u ^  From Cu^NCp
— 1 ■»— ■■ ■' ................. —
T issu es
P e rcen t 
17 h r s .
o f Dose Times 10-^
S tandard
E rro r
Skin* 2,26 .90
W hite Muscle* .82 .06
Dark Muscle* ,78 .01
Liver** 2411,39 98.91
G izzard Muscle** 275.57 56,53
G izzard Contents** 5830.44 1620.00
G izzard  L ining** 5420.47 264.05
Lung** 4 .99 .12
Kidney** 102.26 8.73
Duodenum*** 508.34 210.08
Spleen** 5.25 1.72
Pr oven tr ic  u lus** 80.56 25.53
G a ll B ladder** 167.97 37.53
* In d ic a te s  1 gram sam ple,
** In d ic a te s  com plete organ was taken  as sam ple,
*** In d ic a te s  2 inch s e c tio n  was taken  as sam ple.
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should  be m etabolized  in  a s im ila r  manner s in ce  t h e i r  b a s ic  molecu­
l a r  s t ru c tu re s  a re  alm ost id e n tic a l*  As p rev io u s ly  in d ic a te d ,
EDDHA i s  th e  pheno lic  analogue of EDTA. This compound has had 
two of i t s  a c e tic  ac id  groups rep laced  w ith phenol groupB.
The sm all q u a n t i t ie s  o f carbon -14 a c t iv i t y  d e te c ted  in  
th e  sk in  of ch icks re c e iv in g  i s o to p ic a l ly  lab e led  EDDHA in d ic a te s  
t h a t  th e  c h e la tin g  agen t i s  incapab le  of d i r e c t l y  a f fe c t in g  th e  
sk in  pigm ent.
Table XXXVI 
R e su lts  o f A nalyses of R e sp ira to ry  Gases
Time in  Hours P ercen t of Dose
0-2 .256
2-4 .335
4-6 .340
6-8 .775
8-10 .150
10-12 .050
12-14 .125
14-16 .110
16-18 .100
T o ta l 2.241
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The most pronounced e f f e c t  observed in  th e se  s tu d ie s  
was th e  a p p a ren t a b so rp tio n  o f copper, iro n  and th e  c h e la tin g  
ag en t by th e  g iz z a rd . I t  i s  though t t h a t  t h i s  a b so rp tio n , i f  i t  
o ccu rs , in v o lv e s  a dynamic mechanism capab le  o f moving t r a c e  
elem ents a c ro ss  th e  g iz z a rd  l in in g  a g a in s t  a c o n c e n tra tio n  g ra d ie n t.
I t  was found th a t  approx im ate ly  th re e  p e rc en t o f th e  
iro n  dose was e x c re te d  in  th e  u r in e .  According to  c u rre n t l i t e r a ­
tu r e  on th e  m etabolism  of i ro n , th e  amount o f iro n  ex c re te d  in  
th e  u r in e  would be expected  to  be n e g l ig ib le .  This amount of 
unexpected u r in a ry  iro n  e x c re tio n  was observed in  b ird s  re c e iv in g  
i r o n - 59-c h lo r id e  as w e ll as in  th o se  a d m in is te red  th e  i r o n - 59 
c h e la te .  T h e re fo re , th e re  was no reaso n  to  b e lie v e  t h a t  t h i s  
u r in a ry  i ro n  was due to  th e  p resence  of th e  c h e la tin g  a g en t.
Numerous v a r ia t io n s  were observed which in d ic a te d  th a t  
th e  c h e la t in g  ag en t was n o t only  absorbed b u t was m etabo lized  as 
w e ll .  R e su lts  from a b so rp tio n  s tu d ie s  rev ea led  th a t  approx im ately  
tw e n ty -s ix  p e rc en t o f th e  EDDHA-C-^ c ro ssed  th e  i n t e s t i n a l  w a lls . 
C onclusive  ev idence o f m etabolism  of EDDHA was ob ta ined  when 
r e s p i r a to r y  carbon d io x id e  was analyzed  fo r  ca rb o n -14. Approxi­
m ately  2 .2^  o f th e  c a rb o n -14 from EDDHA-C^ was ob ta ined  in  th e  
r e s p i r a to r y  carbon d io x id e .
SUMMARY AND CONCLUSIONS
Three d i s t i n c t  phases o f in v e s t ig a t io n  w ith  a  c h e la tin g  
a g e n t, EDDHA, and t r a c e  m in e ra ls  a re  re p o r te d : ( l )  p r a c t ic a l
r a t io n  s tu d ie s  u s in g  lay in g  hens and b r o i le r  c h ic k s , (2) p u r if ie d  
r a t io n  s tu d ie s  on v a rio u s  le v e ls  of manganese, copper and z inc  in  
th e  d ie t s  of c h ic k s , (3) m etabolism  s tu d ie s  employing Iso to p e  
tech n iq u e  fo r  EDDHA, copper and i ro n .
S ince i t  had been re p o r te d  t h a t  th e  pigments found in  
th e  sk in  of b r o i l e r s  was s im ila r  to  t h a t  seen in  egg yo lk s and 
s in c e  th e  p igm entating  a f f e c t s  o f EDDHA were to  be e x te n s iv e ly  
e x p lo re d , th e  c h e la t in g  agen t and some of i t s  m etal complexes were 
fed  in  th e  r a t io n s  o f lay ing  hens* The most pronounced a f f e c t s  ob­
served  in  th e se  s tu d ie s  were i n t e n s i f i c a t i o n  o f yolk p igm entation  
and decreased  egg p ro d u c tio n . The a d d it io n  of th e  f r e e  a c id  form of 
th e  c h e la tin g  agen t r e s u l te d  in  s ig n i f ic a n t  In creased  in  yolk p ig ­
m en ta tion  re g a rd le s s  o f m ineral l e v e l .  Egg p ro d u ctio n  was reduced 
when any form o f th e  c h e la tin g  agen t was added and when low le v e ls  
o f added manganese, copper and z in c  were used . The response  to  4, ppm 
added manganese, copper and z inc  was no t unexpected s in ce  th e se  le v e ls  
were co n s id e ra b ly  below c u rre n t req u ire m e n ts . I t  i s  hypo thesized  th a t  
th e  same mechanism i s  o p e ra tin g  to  in te n s i f y  yo lk  p igm en tation  th a t  
in c re a s e s  the  pigment c o n ten t of th e  sk in  o f b r o i le r  c h ic k s .
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I t  has been re p o r te d  t h a t  adequate  t r a c e  m inera l n u t r i t io n  
i s  n ecessa ry  to  a ssu re  maximum perform ance of th e  o f f s p r in g . How­
e v e r , ch icks hatched  from eggs produced by th e  hens on th e  v a rio u s  
r a t i o n  tre a tm e n ts  e x h ib ite d  a b so lu te ly  no i l l  e f f e c t s  which could 
be a t t r ib u te d  to  e i th e r  th e  c h e la tin g  agent nr t r a c e  m in e ra l level*  
T h e re fo re , i t  seems th a t  a d d it io n a l  s tu d ie s  should be conducted to  
c l a r i f y  th e se  ap p aren t d isc re p a n c ie s  in  t r a c e  m inera l n u t r i t i o n  of 
p o u ltry .
Growth and p igm entation  responses were q u i te  e r r a t i c  in  
most o f th e se  b r o i le r  t r i a l s .  There appeared to  be d e f in i t e  
ten d e n c ie s  fo r th e  c h e la t in g  agen t to  produce a more in te n s e  
p ig m en ta tio n . Gain d a ta  on b ird s  fed  EDDHA have c o n s is te n t ly  
in d ic a te d  th a t  improvement in  growth would occur when optimum 
c o n d itio n s  were determ ined* For example, in c re a se d  w eigh ts have 
been no ted  in  b ird s  fed  r a t io n s  co n ta in in g  4-00 and 500 grams per 
to n  EDDHA b u t th e  resp o n se  d id  not seem to  occur a t  one le v e l  
more th an  th e  o ther*  S ince th e se  resp o n ses were s im ila r  to  what 
one would expec t to  see  in  an in te r a c t io n  o f  n u t r ie n ts ,  i t  was 
decided  th a t  i ro n  le v e l  should  be in v e s t ig a te d .  T his r a t i o n a l  
was based on th e  f a c t  th a t  t h i s  c h e la t in g  agen t p r e f e r e n t i a l ly  
c h e la te s  iro n  a t  th e  pH norm ally  found in  th e  d ig e s t iv e  t r a c t s  
o f p o u ltry . Growth and p igm en ta tion  r e s u l t s  from t h i s  study  
in d ic a te d  th a t  t h i s  th eo ry  was v a l id ,  A s t a t i s t i c a l l y  s ig n i f ic a n t  
in c re a s e  in  growth was produced when ch icks were fed  r a t io n s  con­
ta in in g  EDDHA and added fe r ro u s  i r o n .  In  a d d it io n , i t  appeared
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t h a t  a  d e f in i t e  resp o n se  p a t te r n  was form ing fo r  p igm en ta tion . The 
in c re a se d  growth and in te n s i f i e d  sk in  p igm en tation  in d ic a te d  th a t  
c e r ta in  com binations of fe r ro u s  i ro n  and th e  c h e la t in g  agen t were 
in v o lv ed . These r e s u l t s  would lead  one to  b e lie v e  t h a t  th e  amount 
o f f e r ro u s  i ro n  needed i s  r e la te d  to  th e  amount o f f e r r i c  iro n  th e  
c h e la t in g  agen t i s  capab le  o f c h e la t in g  in  th e  r a t io n .
There a re  two p o ss ib le  ex p la n a tio n s  fo r  th e  resp o n ses seen 
in  th e s e  p r a c t ic a l  r a t io n  s tu d ie s :  ( l )  th e  c h e la tin g  agen t i s
d i r e c t l y  involved  in  th e  p ro cesses  o f sk in  p igm en ta tion , (2) th e  
c h e la t in g  agen t p rec lu d es th e  o x id a tiv e  d e s tru c t io n  of th e  c a ro te n - 
o id  pigm ents in  th e  gu t and produces more fav o ra b le  c o n d itio n s  fo r 
t r a c e  m inera l u t i l i z a t i o n .
S t a t i s t i c a l  an a ly se s  o f th e  d a ta  from p r a c t ic a l  r a t io n  t r i ­
a l s  in v a r ia b ly  rev e a le d  in te r r e la t io n s h ip s  between t r a c e  m inera ls  
and EDDHA as w e ll as an in te r a c t io n  between m inera l l e v e ls .  The 
r e s u l t s  ob ta ined  from p u r if ie d  r a t io n  s tu d ie s  confirm ed th e se  f in d ­
ings and s tro n g ly  suggested  th a t  manganese was re s p o n s ib le  fo r  th e  
EDDHA by m inera l in te r a c t io n .  In  a d d it io n , z inc  seemed to  be 
e x e r t in g  r e a l  in f lu e n c e s  in  th e  in te r a c t io n s  in v o lv in g  copper, 
z in c  and manganese. I t  has been though t fo r  some tim e th a t  many 
o f  th e  complex problem s of m in e ra l n u t r i t i o n  would be g r e a t ly  s im p li­
f ie d  w ith  a d d it io n a l  knowledge o f t h e i r  i n te r r e l a t io n s h ip s .
I t  i s  a g e n e ra lly  accep ted  f a c t  t h a t  th e  manganese re q u ire ­
ment o f ch icks i s  approx im ate ly  50 ppm. R e su lts  o f th e s e  p u r i f ie d  
r a t i o n  s tu d ie s  confirm  th e se  r e p o r t s .  As p re v io u s ly  m entioned, th e  
z in c  requ irem en t appears to  depend upon th e  type  of p ro te in  su p p le ­
ment used in  th e  r a t i o n .  I t  was e v id e n t in  t h i s  in v e s t ig a t io n  th a t
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a t o t a l  o f H.-36 ppm z inc  was adequate  when th e  c h e la t in g  ag en t was 
added to  th e  r a t i o n .  However, when th e  c h e la t in g  agen t was o m itted , 
z inc  requ irem en t seemed to  in c re a s e  to  30 ppm. Although th e se  r e ­
s u l t s  were n o t c o n c lu s iv e , th e y  d id  s tro n g ly  su g g est t h a t  th e  
above m entioned le v e ls  o f z in c  a re  near optimum.
U t i l iz in g  iso to p e  tech n iq u es and chem ical m ethods, th e  
a b so rp tio n  of th e  c h e la t in g  ag en t was determ ined to  be approx im ate ly  
tw e n ty -s ix  p e rc e n t. These r e s u l t s  g r e a t ly  enhance th e  v a lu e  o f th e  
c o lo r im e tr ic  p rocedure  fo r  de te rm in ing  EDDHA in  feed  and fe c e s .
I t  appeared u n lik e ly  th a t  the  c h e la t in g  ag en t was being  degraded 
in  th e  d ig e s t iv e  t r a c t .  T h is , o f co u rse , in d ic a te s  t h a t  EDDHA re ­
mained in  i t s  fu n c t io n a l  form in  th e  i n te s t in e s  and th e re fo re  i s  
capab le  o f in f lu e n c in g  m inera l n u t r i t i o n  by c h e la t io n . A lso, th e se  
r e s u l t s  lend credence to  th e  h y p o th es is  t h a t  th e  mode of a c tio n  of 
t h i s  c h e la t in g  ag en t in  ch ick  n u t r i t i o n  occurs in  th e  d ig e s t iv e  
t r a c t  as a  r e s u l t  o f i t s  m etal complsxing c h a r a c t e r i s t i c s .
A lthough th e r e  i s  very  poor b lood c i r c u la t io n  in  th e  
g iz z a rd , i t  seemed p o ss ib le  t h a t  n u t r ie n ts  needed in  m icroquant.1-  
t i e s  could  have been absorbed and d i s t r ib u te d  ad eq u a te ly  v ia  t h i s  
ro u te .  However, t h i s  I s  in  d i r e c t  c o n f l i c t  w ith  th e  p re s e n tly  
accep ted  in fo rm a tio n  p e r ta in in g  to  g iz z a rd  fu n c tio n . I t  was e v id e n t 
t h a t  th e  c h e la t in g  ag en t and t r a c e  m in e ra ls , p a r t i c u la r ly  copper, 
were be ing  absorbed by th e  g iz z a rd . The copper-6ui a c t i v i t y  of th e  
g iz z a rd  l in in g  was c o n s id e ra b ly  h igher th an  th a t  o f th e  g iz z a rd  con­
t e n t s .  T his seems to  e lim in a te  th e  p o s s ib i l i ty  th a t  s t r a ig h t  
a b so rp tio n  o ccu rs . I t  i s  hypo thesized  th a t  a dynamic a b so rp tio n
so
mechanism i s  function ing t.o transport n u tr ie n ts , probably trace  
mineral's, against, the concentration gradient e x is t in g  between the 
contents and lin in g  of the g izzard .
Conclusive evidence was produced th at EDD1IA was not only 
absorbed but m etabolized by the ch ick , for example, the presence 
of carbon- 14 a c t iv i ty  in  the resp ira tory  carbon dioxide of these  
ch ick s. While the ch e la tin g  agent or i t s  degradation products 
were d etected  in  a l l  t is s u e s  analyzed, there were no particu lar  
pattern s of d is tr ib u tio n  prerent. Tire small amounts of curb on-14. 
a c t iv i ty  found in  the skin were not considered adequate t.o in te n s ify  
pigm entat' on. These r e su lts  seemingly e lim in ate  the p o s s ib i l i t y  
th a t the ch ela tin g  agent, i s  d ir e c t ly  involved in the processes re­
quired for increasing  skin pigm entation. Therefore, the previously  
advanced hypothesis that. EDDHA i s  function ing in d ir e c t ly  through 
i t s  ch e la tion  of iron in the in te s t in a l  tr a c t  seems t.o ra in  impor­
tance.
C onclusions
The fo llow in g  conclusions seem warranted from these
s tu d ie s :
( 1 )  T h e  a d d i t i o n  o f  EDDHA a n d  ppm  o f  a d d e d  m a n g a n e s e ,  
c o p p e r  a n d  z i n c  i n t e n s i f i e d  t h e  p i g m e n t a t i o n  o f  e g g  y o l k s .
( 2 ) The c h e la t in g  agent fed  to  hens a t  th e  r a t e  o f 800 grams
per to n  of feed  reduced egg p ro d u c tio n .
(3) Hens re c e iv in g  r a t io n s  co n ta in in g  only 4  ppm added manga­
n ese , copper and z inc  produced fewer eggs.
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(4) EDDHA added to  a p r a c t ic a l  ty p e  b r o i l e r  r a t io n  in ­
c reased  th e  in te n s i ty  o f sk in  p igm en ta tion .
(5) C e r ta in  com binations o f fe r ro u s  i ro n  and th e  c h e la t in g  
agen t improved growth and s t a b i l i z e d  pigment resp o n se .
(6 ) The most e f f e c t iv e  com bination of fe r ro u s  i ro n  and EDDHA 
has no t been e s ta b l is h e d  b u t i t  appeared to  be th e  th eo ­
r e t i c a l  amount of iro n  th a t  could  be c h e la te d  by EDDHA.
(7) When th e  c h e la tin g  agen t was added to  a p u r i f ie d  r a t io n  
c o n ta in in g  U5 ppm manganese, an in te r a c t io n  between 
manganese and th e  c h e la t in g  agen t occu rred .
(8 ) A complex in te r r e l a t io n s h ip  e x is te d  between manganese, 
copper and z inc  w ith  th e  p r o b a b i l i ty  t h a t  z in c  was of 
prime im portance.
(9) The c h e la t in g  agent was absorbed and m etabo lized  by 
ch ick s  to  an a p p re c ia b le  e x te n t .
(10) EDDHA d id  n o t a f f e c t  growth and p igm en tation  in  a d i r e c t  
manner.
(11) Copper, i ro n  and EDDHA were absorbed through th e  g izza rd  
l in in g .
(12) The u r in e  was a normal pathway of e x c re tio n  fo r  iro n  by 
c h ic k s .
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APPENDIX A
COLOR STANDARDS
I t  i s  suggested that, a r t i f i c i a l  lig h tin g  be used in  
order t,n reduce v a r ia tio n  in scores due to  d ifferen ces  in  natural, 
l ig h t in g .
Pigm entation scores were made using four inch masonite
squares painted with standard co lors mixed as fo llow s:
1. 16 1/4. ounces* Chrome Yellow Medium, 1/12B ounce Chinese
V erm illion and enough zinc base white to  make one quart.
2 . 65 ounces Chrome Yellow Medium, 1/3? ounce Chinese
V erm illion and enough zinc base white to  make one quart.
3. 1.32 ounces Chrome Ye1 low Medium, 2 ounces Chinese Ver­
m illio n  and enough zinc base white to  make one quart.
4 . 132 ounces Chrome Yellow Medium, 4 ounces Chinese Ver­
m illio n  and enough zinc base white to  make one quart.
The b asic  co lors were obtained from the Benjamin Moore 
Company, Sa in t L ouis, M issouri.
* Ounces were by w eight.
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Table XXXVII 
A nalysis o f Variance 
Yolk Pigm entation, T r ia l  IV
Source D .F. 11 S F . Value
T o ta l H
R e p lic a tio n s 2 2 .0 10.67*
Treatm ent k  2 .8 15.09**
E rro r 8 .1875
* S ig n i f ic a n t  a t  th e  ,05  le v e l  o f p r o b a b i l i ty ,  
**• S ig n i f ic a n t  a t  th e  ,01  le v e l  o f  p ro b a b i l i ty .
Table XXXVIII
A n a ly sis  o f V ariance  
8 Week W eights, T r ia l  V
Source D.F. M S F . Value
T o ta l 59
R e p lic a tio n s 3 .0133 3.50*
Between M ineral L evels 2 .0100 2.63
Between Treatm ent k .0125 3.25*
M ineral by Treatm ent 8 .0312 8 . 21**
E rro r k2 .0038
* S ig n i f ic a n t  a t  th e  .05  le v e l  o f p ro b a b ility ,
** S ig n if ic a n t  a t  th e  ,01  le v e l  o f p ro b a b ility ,
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Table XXXIX
A n a ly sis  o f V ariance 
8 Week W eights, T r ia l  VII
Source D.F. U .S. F . Value
T o ta l U
R e p lic a tio n s 2 1252
Between EDDHA L evels 4 1H 8 le s s  th an  1
Between M ineral L evels 2 2116 1.67
EDDHA by M ineral L evels 8 3274 2.59*
E rro r 28 1262
* S ig n i f ic a n t  a t  th e  *05 le v e l  o f p ro b a b i l i ty .
Table XL
A n a ly sis  o f V ariance 
8 Week W ei^ its , T r ia l  IX
Source D.F. M.S. F. Value
T o ta l 59
R e p lic a tio n s 2 .15
T reatm ent 19 .032 1.3*
E rro r 33 .0026
* S ig n i f ic a n t  a t  th e  .01  le v e l  o f p ro b a b ility *
9?
Table XU
A nalysis  o f V ariance 
P igm en ta tion , T r ia l  V
Source D .F. M.S. F . V alue
T o ta l 299
T reatm ent H 1.39 1.79*
E rro r 285 .78
* S ig n if ic a n t  a t  th e  ,05 le v e l  o f p ro b a b i l i ty .
Table XUI
A naly sis  of Var: 
P igm en ta tion , Tr:
lance 
i a l  VII
Source D.F. M.S. F . Value
T o ta l 299
Treatm ent H 1 .66 2.08*
E rro r 285 .80
* S ig n if ic a n t  a t  th e  .05  le v e l  of p r o b a b i l i ty .
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APPENDIX B
Table X IIII 
A nalysis o f Variance of Gain, T r ia l I
Source D . F . M.S. F. Value
T otal 47
R ep lica tion s 2 HO 1.82
EDDHA 1 18
Manganese 1 59
EDDHA hy Manganese 1 40
Copper 1 945 1.2.27**
EDDHA by Copper 1 6
Manganese by Copper 1 81 1.05
EDDHA by Manganese by 
Copper 1 3
Zinc 1 1131 H .68**
EDDHA by Zinc 1 45
Manganese by Zinc 1 221 2.87
EDDHA by Mn by Zinc 1 266 3.45
Copper by Zinc 1 87 l . H
EDDHA by Copper by Zinc 1 33
Mn by Cu by Zn 1 745 9.68**
Mn by Cu by Zn by EDDHA 1 64
Error 30 77
* S ig n if ic a n t  at the .0} le v e l  of prot^bihi ty«
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Table XUV
A n alysis o f Variance of Gain, T ria l I I
Source D.F. M.S. F . Value
T otal
R ep lica tion s
A7
2 131
EDDHA 1 176 1.31
Manganese 1 6626 A9.A0**
EDDHA by Manganese 1 m 6.21*
Copper 1 1752 13.13***
EDDHA by Copper 1 ISA 1.37
Manganese by Copper 1 2215 16.67***
EDDHA by Mn by Cu 1 87
Zinc 1 AO
EDDHA by Zinc 1 5
Manganese by Zinc 1 1160 8.66**
EDDHA by Mn by Zn 1 20
Copper by Zinc 1 1563 25.09***
EDDHA by Mn by Cu by Zn 1 U
Error 1 18A
* S ig n if ic a n t  a t  th e  .05 le v e l  o f p ro b a b ility *
** S ig n i f ic a n t  at. th e  *01 le v e l  o f p ro b a b i l i ty .
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Table XLV
A n a l y s i s  o f  V a r i a n c e o f  G a i n , T r i a l  I I I
S o u r c e D.F. M.S. F . V a lu e
T o t a l 47
R e p l i c a t i o n s 2 56
EDDHA 1 468 3.49
M a n g a n e s e 1 1064 7.94*
EDDHA b y  M a n g a n e s e 1 217 1.63
C o p p e r 1 56
EDDHA b y  Copper 1 34
M a n g a n e s e  b y  C o p p e r 1 00
EDDHA b y  Mn b y  C o p p e r 1 2
Z i n c 1 8
EDDHA b y  Z in c 1 161 1.20
M a n g a n e s e  b y  Z i n c 74
EDDHA b y  Mn b y  Z n 1 420 3.13
EDDHA b y  Mn b y  C u b y  Zn 1 6
E r r o r 1 134
*■* S ig n if ic a n t  a t the .01 le v e l  o f p rob ab ility
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T a b le  XLVI
A nalysis of Variance of Feed Conversi 'n, T ria l II
Source D.F. I Q•t F. Value
Total
R ep lications
47
2 131
EDDHA 1 165
Manganese 1 1190 4.35*
EDDHA by Manganese 1 4
Copper 1 634 2.55
EDDHA by Copper 1 20
Manganese by Copper 1 379 1.55
EDDHA by Mn by Cu 1 00
Zinc 1 63
*
EDDIIA by Zinc 1 111
Manganese by Zinc 1 1
EDDHA by Mn by Zn 1 123
Copper by Zinc 1 72
EDDHA by Copper by Zinc 1 177
EDDHA by Mn by Cu by Zn 1 53
* S ig n if ic a n t at the .05 le v e l  of p rob ab ility .
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